









ALL 


(tihvD BY 

ROBERT 3ROWN, M.Pl, PRD., F.LS., F.Ras;, 

f AVTHot or *'ooaimiv of jpi voif^’* "pboplis or thb woklo,”’ nc 


ILLUSTRATED. 



CASSELL & COMPANY, Limited: 

LOUDON, PARIS, NEW YORK ^ MELBOURNE, 


[all mokm tnisYio,] 




CONTENTS 


R^,S. 


jbr Eouni or tri Kook. Piofmoe Sikor Niwookb, LL.D., Wabhirotoh, B.O. 
CoLovB. Bt Wouuf Aoebotd, F.I.C. « . 

A Pan or BLA0K4IAD. Bt F. W. Budub, F.O.S. . ! - . 

IxmxBU loa : tbb B<^DABtaa or thb Liquis State or Hattir. Bt PBonwsoK 

D.so, F;c.a . ' 

A Bbo'Wk SiA'WBBDr. Bv Fbofbbsob E. Febobtai Wbioht, liLA., M.D,, F.L.S. 

Sunset, TmuoHT, and liAiOB. Bt Bobbbt Jakeb Mann, H.D., F.B.C.S., F.BJL.S., F. 
Stone*uubb and Featheb>stab8. Bt P. Hb&bbbt OiOPENTEB, M.A., D.So., F.B.S. 

Voxn. Bt PBorESsoK F. Jeffeet Bell, MjL. ..... 

Oeao and Tail. Bt Pbofessob J. Duns, D.D., F.B.S.E. . 

The Gbnbbu of a Swobo. Bt Colonel Q. Coofbb Kino, B.M.A., F.G.S. 

E[ov to make a Ohekical Analtbib. Bt Pbofbbbob F. R. Eaton Lows, M.A., Ph.D. 

A Piece of Chalk. Bt Peofebbob Chablbb Lapwobth, LL.D., F.G.S. 

Thb Liob and Feet of Insbotb. Bt Abthcb Hahhond, F.L.S. 

CoAL«TAB. Bt William Dobham, F.R.S.E. ...... 

Wbathbb-bionb and Weatheb-chanoeb. Bt Bobbbt Jambs Mann, M.D., F.B.C.S., F.! 

A Bab of Ibon. Bt Gboboe W. von Tunzblmann, B.Sc. 

A Sbbd. Bt Db. Robert Bboiw, F.L.S. ...... 

High Clouds and Moonbhinb. Bt Robert Jambb Mann, M.D., FJ&.C.S., F.R.A.S. .v 
Thb Anatomt of Ants. -Bt F. Buchanan White, M.D., F.L.S. ■ 

A Lumf of Sugar. 'Bt David Houston, F.L.S. ..... 

Petimlrum. Bt David Bbemnhb ...... 

Thb Earth’s Tbbblbbs Regions. Bt Peofebbob J. D. Whrnet, Cambbidge, Mass. 
Weather Fobecabtb. Bt W. Liscombb Dallas . . . 

The Planet Mbroubt. Bt- W. F. Denning, F.B.A.S. .... 

The Migration of Mammals' and Fibhbb. Bt Professor J. Duns, D.D., F.R.SJ!. 
Speaking Maohinbb. Bt William Ackbotd, F.I.C. .... 

Ants, and thbir Wats or Life. Bt F. Buchanan White, M.D., F.L.S. 

How A Bibo Flies. Bt Db. Hans Gadow, M.A. 

Thb Tblbfhonb and Miobofhonb. Bt Park Beniamin, Pr.D. . 

Hbat as a Motivr Powbr. Bt W. D. Soott-Monciuepf, C.E. . 

Thb Paballbl Roam of Glbn Rot. Bt Pmfbssor T. G. Bonnbt, MJL, F.R.S., F.G.S. 
Stbucturblbss AnaALS. Bt Andrew Wilson, Ph.D., F.R.S.K, F.L.S. 

A P|EOB OF ScLFHUB. Bt F. W. RuSLBR) .... 

Tobtbz Rinos. Bt Willum Ackbotd, F.I.9; ..... 

Tnut VoL. V.— A 


Thomas Cabnbllet. 


M.S , BTC. 


> > 


Vi 




I 

9 

15 

20 
24 
29 
87 
13 
47 
60 
60 
66 
78 
■ 79 
84 
90 
97 
106 
109 
117 
121 
124 
133 
136 
142 
147 
168 
160 
170 
178 
182 
187 
193 
198 



IV 


SCIENCE FOR ALL. 


Thb Ancient and Modern Animals of South America. Bv Professor P. Martin Duncan, F.R.S. 

A Mushroom. By Worthington G. Smith, F.L.S. ..... 

Bock -MAKING Bhizofods. By P. Herbert Carpenter, M.A., D.Sc., F.R.S. 

The Distant Planets— Uranus and Neptune. By W. F. Denning, F.B.A.S. 

What is Under London P By Frederic Drew, F.G.S. ..... 

Hibernation of Mammals. By Professor J. Duns, D.D., F.B.S.E. 

How Waves of Light are Measured. By Professor Josiah P. Cooke, Harvard, Mass. 

A Manure Heap. By David Houston ....... 

Warren De la Bite’s Great Voltaic Battery. By Robert James Mann, IkLD., F.B.C.S., F.B.A.S. 
The Heart and the Blood. By Andrew Wilson, Ph.D., F.L.S. 

A Bee-hive. By F. Buchanan White, M.D., F.L.S. ..... 

Seeing by Telegraph. By H. Trueman Wood, M.A. ..... 

A Bar of Soap. By Professor F. S. Barff, M.A. . 

How Molecules are Measured. By Professor Josiah P. Cooke, Harvard, Mass. . 

Breath and Bkeathing. By Andrew Wilson, Ph.D., F.L.S. .... 

A Coal-field. By Frederic Drew, F.G.S. ...... 

How A Fish Swims. By Dr. Hans Gadow, IM.A. ..... 

Fire-damp and the Safety-lamp. By Professor Ira Kemsen, Johns Hopkins University, Baltimore 
The Old Life of Europe. By Professor P. Martin Duncan, F.B.S, . 

Is there Coal Under London ? By Frederic Drew, F.G.S. .... 

An Iceberg. By Dr. Bobert Brown, F.B.G.S. ...... 

How AN Animal Walks. By William Ackroyd, F.I.C. ..... 

A Clod of Earth. By David Houston, F.L.S. ...... 

The Bise op the Organs of Sense. By Professor F. Jeffrey Bell, M.A. . 

Scientific Deceptions. By William Ackroyd, F.I.C. ..... 

Birds* Nests. By B. Bowdler Sharpe, F.L.S., F.Z.S. . . • ^ . 

Water Fleas. By Arthur Hammond, F.L.S. . . . . . « 

Conclusion. By the Editor . . . . • » 


PAGE 

203 

212 

218 

227 

234 

240 

244 

252 

257 

264 

270 

277 

281 

288 

294 

298 

302 

309 

316 

324 

328 

336 

343 

348 

354 

359 

368 

874 



Caddis Flt {Phryganea striata.) 



LIST OF ILLUSTRATIONS. 


The Spectroscope 


PAGE 


rho Ecliptic and the Moon’s Path around, tlie Celestial 
Vault : The Moon moves in one circle, the 
shadow of the Earth in the other ... 2 

Showing how the character of a liUnar Eclipse de- 
pends upon the distance of the Shadow from the 

Node ,3 

Showing continuous Motion of Moon’s Node toward 

the West ih, 

^orm of the Earth’s Shadow : the Moon just leaving 
it. Within the Sliadow the Moon is n(\arly in- 
visible ; within the Penumbra it is visible . . 5 

Jross Seedion of the Earth’s Shadow where the Moon 

passes through it ...... 6 

Partial Eclipse of the Sun by the Earth, as soon from 

the Moon ........ 8 

How to see a Complomontary Colour . . . .10 

White made Black ih. 

The Absorjdion S])octra of Treacle . . , .11 

Ixladstone’s IMethod of seeing the whole Prognjss of 

Absorption ib. 

Spectra of the Colours of Birds’ Eggs . . .12 

Spectra of Blood 13 

Dimorphous Forms of Native Carbon . . .17 

Section of the Black-lead Mine at Boriowdale, in 

Cumberland 18 

Plumbago Crucible ....... tb. 

Diagram illustiating the Ktdation between Boiling- 

point and Pressure . . . . . .21 

Experiment illustrating the Critical Pressure ” . 22 

Tee remaining under the Applictition of Heat . . 23 

Portion of Fucus vesicnlosus 25 

Cross Section of Frond of Farm iwsiculosus . . ib. 

Male Organs of Fuchs vrsirulosus : Antheridia with 

Anthcrozoids escaping 26 

Ft*male Organs of Fucus vcsiculosus .... 27 

Showing how the Heights of the ^lountains in the 

M(K)n are measured ...... 29 

The J ungfrau seen through the mouth of the Luts- 

chinen V^alloy from Interlaken .... 33 

A Lunar Halo . . . . .31 

A C.’orona round the Sun 35 

The liily Encrinite {Fucrium /Uiiforwis) ... 37 

The Rosy Feather-star [(hmatulu rostfccu) . . . ib. 

Pentacrinus Caput-lMtidusm ..... 38 

Young of the Rosy Feather-star [Comutnia vosaveu^ in 

the Stalked, or Pentacrinoid Stage . . . 39 

Three Stages in the D(*velopmont of the Rosy Feather ih. 
Calyx oi Aetinocrinus Koniucki .,11 Paheozoic Stone-lily 42 
A Pear Encrinite (Apioo'ims lioissyauus) . . . ib. 

Stmw, with Tongue . . . . . . .43 

Cartilages of Larynx ib. 


Frontispiece. 

PAGi: 


Figures of Larynx 44 

Diagrammatic View from above of Dissected Larynx . ih. 
Larynx of Peregrine Falcon . . . . .46 

The Sound-producing Organs of Macrolyrlstes impe^ 

rator, an Insect belonging to the Order Orthoptera ib. 
The “Tail,” Castle Rock, Edinburgh . .49 

Stabbing and Cutting Weapons, derived from Animal 

Forms 61 

Stone, Bronze, and Iron Daggers and Swords . . 62 

Asiatic Types of Swords, Straight, In-curved, and 

Out-(‘urved 66 

Survivals of JMethods of Attachment, &c. ... 67 

Development of the Sword among Savages ; and Sec- 
tions of Sword-blades ...... 68 

Simple Form of Apparatus for Distilling Water . 60 

Exposing Bead to the Oxidising Flame ... 61 

Exposing Bead to the Reducing Flame . . . ih. 

Testing with Caustic. Potash , .... ih. 

Assaying upon Charcoal 62 

Microscopic Fossils in a Piece of Chalk ... 67 

Shells, A:c., in the Globigerina Ooze of the Noilh 

Atlantic . 68 

Shells of Foraminifera ...... 69 

Shells of Radiolaria 70 

Coccoliths; Coccosphere . . . . . .71 

Various Parts of the Legs and Feet of Insects . . 77 

Retort for Distilling Coal-tar ..... 80 

Section of a Blast Furnace . . . . .91 

Arrangement for Experiments on Ductility . . 92 

Puddlers at Work 93 

Fruit of the Henbane, showing the Lid wliich is raised 

to admit of the esesape of tlic Ripe Seed . . 97 

Fruit of a Cxeranium (Herb Robert), showing the 
method in w’hich, by the elasticity of the Fruit 
valves, the seeds are scattered. . . . . ih. 

Fruit of Sandbox Tree (JTwra ci'epitans) ... 98 

Winged Seed of Pine ib. 

Seed of Chick weed 100 

Seed of Poppy, showing Markings on the Coat . . ih. 

Striated Seed of the Tobacco Plant . . . . ib. 

Section of a Seed of the common Wood Sorrel (Oxalis) 

showing Coats, Endosperm, and Embryo . . ib. 

Section of Ivy Seed showing the Folds of the Coat 
penetrating the Endosperm, and also the Embryo 
at the bottom of the Seed %b. 


Section of the Seed of the Corn Cockle (Lychnis 
Git kayo)., showing the Coat, the Eudospenn, and 
the Embryo, wliieh instead of being upright in 
the midst of it, is rolled round the Periphery of 
the Seed ih. 

The Bean 101 



vi 


SCIENCE FOR ALL. 


PAos PAas 

Mr. Clement Ley’s Fine- weather Cloud, consisting The same as above, seen from the front . . .168 

of Stratified Beds resting upon the top of Piled- A Gull, showing the different Positions of the Wings ib» 

up Cumuli 106 Course of Tip of Wing, as seen from above • . 169 

The Shallow Settled-weather Sheet-cloud of Winter, Course of Tip of Wing seen from the side, tho Bird 

with the Clear Sky seen above through a Kent . 107 not being in Progression ib. 

Red Ant : Male; Worker; Female. [Magnified and Course of Tip of Wing, seen from the side, the Bird 

natural size) 109 being in Progression ib. 

Nest of the Red Ant 112 Diagram of Flight of a Woodpecker .... 170 

Tongue of Ant; Part of Chest of do. ; Nervous System Blake’s Microphone Transmitter . . . .171 

of do. ; Gizzard of do. ; Poison Gland of do. . 113 Microphone and Telephone System, showing diagram- 


Ijarva, Nymph, and Cocoon of Red Ant . . .116 matically how the variable pi'cssure of a “wire 

Crystals of Sugar 117 contact ” is capable of transmitting an audulatory 


Experiment showing the Conversion of Sugjir to current corresponding to the sound-waves of the 

Charcoal 118 human voice 172 

Diagram showing the Cyclic Changes resulting in the Charcoal Microphone 173 

Foimation, Decomposition, and Recomposition of Microphone of Three Nails ib. 

Sugar 120 Beirs Telephone 174 

Fissure in Stratified Rocks filled with Water, Oil, and Diagram of a Bell System 176 

Gas 122 Powdered Carbon I'ransmitter ib. 

Cactus Country, Arizona 124 Crossley’s Transmitter . . . . . .176 

Encampment on the Plains, Western IJnited States Dolbear’s Receiver ib, 

(near Fort Hall) 125 Edison’s Loud Receiver ih. 

Sage-Brush Country, Nevada 128 Arningemont for Giltfiy’s Experiment . . .177 

“ Bad Lands,” near Fort Bridger, United States . 129 Giltay’s Human Telephone ib. 

Cactus ('Country, Arizona 132 Diagram illustrating the Effects of Heat upon Ice and 

Relative Dimensions of Mercury and the other Pri- Water 180 

mary Planets 137 Tho Parallel Roads of Glen Roy . . . .184 

Mercury as a Crescent 138 ' Map of Glen Roy and District 185 

Pliases of an Inferior Planet in Different Parts of the rrotameBhaprimitiva undergoing Development of Fission 189 

Orbit 139 Myxodictyum sociale 190 

Mercury in Transit across the Sun .... 140 Actinophrys sol 191 

The L'lnming [Mgodes lemmm) 144 Gromia terricola^ showing interlacing psoudopodia ” ih. 

Tho Reindt'or [Cervus tarandus) 145 Lieberkuhnia . .192 

A simple Speaking Machine 147 Development of Gregarinida ..... 193 

Kratzonstein’s Vowel Tubes 148 Octahedral Crystal of Native Sulphur . . .194 

Kompclen's Apjjaratua, as modified by Professor Complex Crystal of Native Sulphur . . . , ib, 

Willis ib. System of Trimetric Axes ib. 

Wavy Trace of a vibrating Tuning-fork , . . 149 Sulphur (/rystallised from Fusion . . . .195 

The Phonograph - 150 System of Monoclinic Axes . .... ib. 

How the JMarker of the Plionograph Works . . ib. Section of Sulphur-bearing Rocks at San IVIarino, Italy 196 

Spwch-laden Tin-foil 151 Calcarone, or Sulphur- kiln, in Sicily . . . .197 

A Speaking Condenser 152 Illustrating the Connection between a Columnar 

Preece 8 Telephone ....... ib. Vortex and a Vortex Ring 199 

Section of Ants’ Nest 153 How to make a Ck)lumnar Vortex . . . . ib. 

Section of an Ant-hill ...... 155 Vortex Rings of Pli()B])horic Oxide .... 200 

Ant milking Aphides or Plant-lico .... 156 A^ortex Rings : a Comparison ib. 

Honey-bearers of the Mexican Honey Ants (Mfp'me- “ Burred” out Head of Smith’s Cold Chisel . . 201 

cocyst Hs Mejri^ifnus)^ natural size and magnified, GroAvth of a System of Rings . .... ib. 

viewed from the side and from above . . . 159 ’ Another Form of A^ortex Ring ..... 202 

Skeleton of an Eagle .162 Motion of a Descending Vortex Ring . . . ib. 

Left Humerus of a Red-backed Shrike co/^arto) 163 A ATbrating Vortex -Atom ib. 

Dorsal View of AIusclos of Left Wing of Pigeon . ib. Group of Sloths 204 

Ventral V'iow of Muscles of Left Wing of Pigeon . ib. The Giant Armadillo 205 

Storks in Different Positions 164 Patagonian Cavy 209 

Transverse Section of a Wing near tip of Thumb . 165 j Tho Edible Mushroom [Agaricus campestris) . . 213 

Diagram showing the Raising Effect of the Down- Section through a Mature and a “Button” Edible 

stroke of the Wings ib. Mushroom . . . . . . . .214 

Diagram of the Course taken by a Hawk swooping Section removed from Edge of Cap of Edible Mush- 

down upon its Prey 167 room preparaior}" to minute Examination . . ib. 

Two GuDs . id. Transverse Section through fragment of Gill of Edible 

Two Figures showing the more or less perpendicular Mushroom, showing Cell Stnicture . . .216 

direction of the stroke of the Wing in the flight Section through Surface Cells of Gill of Edible Mush- 

o£ the Bird (Gull) 168 room, showing Spores, &c ib, 

A 



LIST OF ILLUSTRATIONS. 


Vll 


PAGE I I-AQS 


ThoProteu8-animalcule{v4waia), showing its Nucleus A Vacuum Tube constructed so that there is a Com- 

and Contractile Vesicle. One end of the body is paratively Narrow Central Part intervening be- 

distended by a large Diatom . . . .219 tween wide bulb-shaped eu Is .... 262 

Shell of Orbitolites, Portions of which have been Stratification of Discharge ib. 

Removed so as to Expose the individual Chambers, Artificial Aurora produced in an Exhausted Vacuum 

the Passages by which they communicate with Tube by the Discharge of 14,400 Cells of the 

each other, and the External Openings of those in largo Battery . 263 

the Outer Ring 221 Muscular Fibres of Heart 266 

Protoplasmic Body of a young Miliolay consisting of Heart and Circulation of a F sh 266 

four nucleated Segments 22& Heart of Reptile ib, 

A Living Miliola^ one of the Imperforate Foraminifera, Heart and Circulation of Snai 267 

with the Pseudopods extended from the Mouth of Diagram of the Circulation in Mammals and Birds . ib, 

the Shell 223 Dissection of Left Side of Heart of Man, showing 

A Living Rotalia^ one of the Perforate Foraminifera, Valves 268 

with the Pseudopods extended through Tubuli in Wax Producers during the time the Wax is being 

the Walls of the Chambers ib. formed . . . . . . . .271 

Vertictil Section of the Shell of NummuliteSy showing Bee, with the Plates of Wax appearing between the 

how its later Whorls overlap the earlier ones . ib. Segments of the Abdomen , . . . , ib. 

Portion of a Vertical Section of the Shell of Num- Cells in Process of Construction 272 

mulites (highly magnified) to show the Minute Interior of Hive, showing Position of the Combs . 273 

Structure of the Shell 224 Royal Colls ib. 

Internal Cast of Shell of Polystomella . . • ib. Hind Legs of Bee 274 

Orbitolina Toxana ...... . 226 Domestic Ti^eefi {^pin nielli^ca) . . . . .276 

Fusulina Limestone . . . . . . . ib. \ Diagram showing Mosaic of Sensitive Colls for Trans- 

Relative Positions of the Orbits of the Earth and mitting a Picture 278 

Exterior Planets 220 Diagram showing how a Mosaic of Sensitive Cells 

Apparent Dimensions of the Sun, as viewed from the might reproduce a Picture ib. 

several Planets . 231 | Single Cell of Ayrton and Perry’s Receiving Aj»- 

Diagram illustrating the Relative Positions of Uranus pamtus 279 

and Neptune from 1781 to 1840 . ... . 232 Model of Ayrton and Perry’s Appartitus . . . ib. 

Geological Section of the Thames Valley from llamp- Diagntm showing Action of the Telcphotograidi . 280 

stead Heath to Clapham Common . . . 236 Form to bo Reproduced by Tolophotograph . . ib. 

The Common Bat (VenperHliu pipwtrcllm) in Flight . 241 Reproduction by Telephotograph of Form shown in 

Head of Noctule ( . . . 243 previous Fig. ib. 

The Tanrec [Cent e fen ecaudatus) ..... 244 Diagram showing Action of Telephotograph . . ib. 

Diagram illustrating the Transmission of Light in Showing Effect of a Monochromatic Light . .291 

Wave-motions ....... 246 Tube- worm [Terebella Edwardsii) .... 296 

Experiment of producing a Light which emits Rays Marine Leech [Branchiohdella), showing outside Gills ib. 

of only one colour ib, Traohem^ or Air-tubes of Insect, showing Spiral Fibres ib. 

Illustrating the production of a Solar Spectrum . . 247 Spiracle of Water-beotle [IJyticus marginal^) , . 297 

Bonding Light around in a complete Circle . , 248 Gills of Fish ih. 

Rutherford’s Photograph of the Blue Portion of the Lungs of Bird ib. 

Spectrum ........ t6. Diag^m of Breathing-organ , .... ih. 

The Nineteenth Band of one of Nobert’s Plates . . 249 Geological Map of the Chesterfield Coal-field . . 299 

Diagram illustrating Method of c.alculating Wave- Section of Chesterfield Coal-field from W. to E., from 

lengths 260 the Peak of Derbyshire, through Sheffield and 

The Mode of Deducing the Value of Wave-lengths . 261 beyond . ib. 

Young Turnip Plant 9 Days since Date of Sowing, The Common Pike {Ettox luciun) .... 304 

showing how the Root-hairs are closely covered Diagram explaining the Action of a Fish’s Tail in 

with firmly-adhering Particles of Earth. (Fw- Swimming 306 

larged about 2J times) ...... 253 Diagram of the Swimming of the Sturgeon, sliowing 

Diagram showing the Direct and Bye Paths that are the Double Curve into which the Body of the 

and may be taken in the Perpetual Cyclic Move- Fish is thrown ih. 

ments of Mineral Matter . . . . .256 The River Perch [Perea fluviatilis) . . . .306 

Two Cells of the Chloride of Zinc Battery, showing Air-bladders of the Common Carp [Vgprinus carpio)., 

the Arrangements of their several parts . . 258 of the Herring [Clupea harengus)^ and of Corvina 

Showing Diagrammatically the Arrangements of the trispinosa 307 

Coatings of the large Condenser used in Dr. De la The Sea-horse (Hippocampus hrevirostris) . . . 308 

Rue’s Experiments ...... 259 Collecting Gas from a Stagnant Pool .... 309 

A Vacuum Tube of the form employed by Dr. De la Rue 261 Flame in Ordinary Condition 313 

The appearance of the Streamer Discharge of a Voltaic Flame with Wire Gauze ib. 

Current between Charcoal Points at Ordinary Flame above the Gauze ib. 

Atmospheric Pressure ib. Flame extinguished by Spiral Wire . ... ib. 



Vlll 


SCIENCE FOR ALL. 


1*AUR 


The Safety-Lantem, with its Air-feeder and Chimney, 

furnished with Safety Metallic Canals . .314 

An Argand Lamp, with Glass Chimney covered with 
Tin-plate, and the Safety Apertures in a Cylinder 

with a Covering above 314 

A Glass Tube furnished with Flame Sieves^ in which a 

common Candle may bo burnt . . . .315 

A Cylinder of Gauze surrounding a Lamp Flame . ib. 
The Final Form of Safety Lamp . . . . ib. 

Modification of the Stephenson Lamp . . ib. 

Skeleton of ISIammoth [Elephas primigenim) . . 320 

Skull of the Woolly Rhinoceros {R, tichorhimm) 

partly restored 321 

Musk Oxen or Sheep [Ovibos moschatns) , . . 323 

In the Waigat, North Greenland : Bi oken-up Borgs . 329 
The Top of Omcnak Fjord, at Innerit Ice-stream, 

North Greenland, showing the “ Inlands Ice” . 331 

Termination of a Greenland Fjord .... 332 

The “ Inlands Ice,” South Greenland . . . 333 

The “ Inlands Ice ” abutting on the Bottom of an Ice- 

Fjord «... 334 

Diagram of the “Inlands Ice,” extending into the 
Sea and terminating in a Steep Face, 1 00 ft. to 
200 ft. high, from which Icebergs arc “ Calving ” 335 

Forces at Work in Walking .... 337 


]f>AaB 

Figure-of-eight Track, produced by the Alternating 
of the Extremities in Man in Walking and 

Running 337 

The Foot as a Lever of the First Kind . . . 338 

The Foot as a Lever of the Second Kind . . . ib. 

The Foot as a Lever of the Third Kind . . . ib. 

To illustrate the Step of the Horse . . . .339 

The Length of Stop in the various Paces of a Hoi so . 340 

Brain of Man and of Pigeon . . . . .341 

Diagram showing the chi(‘f surface-forming Rock 
Formations from London to Birmingham. Scale, 

28 miles to the inch 346 

Development of Spinal Cord of Bird . . . .349 

Epithelium of the C(intral Spinal Canal of Man . . ib. 

Development of tlio Eye of the Chick . . .351 

I The Clicking Pennies 357 

Illustrating the term “ Medial Plane ” . . . ib. 

Nests of South African Wt aver Birds . . . 360 

Long- tailed Tailor-bird and Nest . . . .361 

Tlie Edible Swifts and tlieir Nests .... 364 

The Australian Flow or- Pecker, or Swallow Diemum 

and Nest 365 

Brush Turkeys (Mound-building Megapodos of Aus- 

tmlia) ......... 366 

I Water Fleas and their Anatomy .... 369 



Melon-shaped Conceetions formed by the Turban Geyser, Upper 
Yellowstone Biter, United States. 



Science for All 


AN ECLIPSE OF THE MOON. 

13y PiioFESROK tSiMON Newcomu, LL.D., F.K.S., Washington, D.C. 


L ONCt before tinio w}k‘ii the cehistial motions 
began to be cari^fully studied, it must lia\e 
Ikhui noticed tliat on certain occasions tlie full moon 
wliolly or partly faded away for a period of sev(‘ral 
lioui’S. When it was supposed that extraordinai-y 
celestial jdienomena jirissaged great (‘vents in the 
history of nations, rulers look(‘d upon such occur- 
rences with gloomy forebodings, and caused tluun 
to be recorded in the public chronicles. The st‘n- 
timent thus inspired is graphically described by 
Milton : — 

“ Like the inooTi, whosf* orli 
In dim cdii)S(‘ disastr(ius twilight shods 
( )n half the nations, and with fear of change 
P(‘r})lcxes inonarchs. ’’ 

Ih'fore tlie dawn of liistory it was remarked by 
observant num that thesi* alarming occurr(‘nces wen* 
never s(^en (^xc(ij)t at the time of full moon. This 
goiKTal fact once c^stablished, it r(‘(|uired no power 
of insight beyond that of tin* ancicaits to divine 
the cause. Tlie earliest astronomers concluded, on 
A’arious grounds, that tlie eailh was I'ound, and that 
tin* distances of the heavenly bodies vastly exceeded 
th(^ dimensions of tlie earth itself The waxing and 
waning of the moon made it clear that tJiat body, 
I’ke th(^ (*arth, was a dark one, shining by the re- 
heefod light of the sun. Since all dark bodies in 
the light of tlie sun (;ast a shadow, the eaith must 
do the sam(‘ thing ; inde(‘d, the darkness of night is 
simjdy tln^ shadow of the (^ai-th.* Heiici*, if th(‘ 
moon <^ver enters this shadow, her light must fade 
away. Since this can Inqijien only when she is in 
the op})osite dir(‘ction from the sun, it would la* 
only at full moon that such an event could ha]>}»en. 
As all records showed tliat the “ dai-kenings ” of 
th(‘ moon, indicated by the Giwk word (xJtpse, had 
occurred only at full moon, the conclusion that they 
were caused in this way becanie inevitable. Th(‘ 
<pn‘Stion why tluTe was not mi ecli]>se at cviny full 

"" Sec “Science for All," Vol. T., vj). 1, IK), !):>. 1(;2, 204, 20^, 
224; Vol. II., })p. 78 - 81 (Kclipaes of the Sun), 118; 
Vol. III., pp. 143, ICO, 340; Vol. IV., p. 0. 
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moon was readily answered by showing that the 
moon might pass abovc^ or below the shadow, instead 
of going through it. Observations which could be 
made without instruments demonstrated that she 
did not always follow the same ])ath round the 
(^art.li, and that it was only at consid(*rable iiiteinals 
that she could really enter the shadow. Thus the 
extraordinary oc^currtnices were explaim^d in a 
manmn* which should have made it ch^ar that the 
destiny of monarchs was in no way aifected by 
tlnni. 

But it is one (.>f the curiosities of human nature, 
which we find exhibitt^d (‘ven in our own tinn*, that 
ceivmonial observances are continued long aftca- tin? 
id(*as from wdiich thtw originated have passed away. 
The form of delivcu'ing the sun or moon from an 
<‘cli])se by ]>ropitiatory acts w’jis rigidly adlnued to in 
Ghina many centuries after it becanu^ possibh' to 
predict th(‘ occurrence ; indeed, w’(‘ ar(^ not certain 
but that some rcdics of the custom still sui*vive. 
When an (^clijise was to o(X-ur it w as the duty of 
the imperial astronomer to appi’ise the empei’oi* of its 
approach, and of its probable magnitude, live months 
in advance. A d(‘cree w as then to be issued by the 
emyieror, announcing the coming event throughout 
his dominions. When the eclipse actually com- 
m(nc(‘d, pieces of silk wvr(‘ attached to the doors of 
the ministers of ceremonies, and inctnse w^as burned 
in the gr(‘at hall of the palace. Music and the 
b‘^*ating of drums v\(*re continiuxl during the whole 
period that the (xdipse remained visibh*. The nobh^s 
ollered up prayers on their knees, striking the 
gi-ound wdth their foreheads. In these relics of an 
ancient custom we may see what alarm was causcul 
by these phenomena b(‘fore theii- cause was j-e\ealed 
by scientific investigation. 

The great fear which eclipses insjiired had the 
good efl’ect of causing them to be carefully r(‘corded 
for the ben(‘fit of posterity, who were enabh^d to 
add the observations of their predecessors to their 
own, and thus obtain richer material for investi- 
gating the celestial motions. An inadequate idea 
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of the astronomical knowh^dge of the ancients is 
A^ery gem^rally entertained in our own times, and is 
nurtured ])y the depreciatory remarks which modern 
writers are too apt to apply to the ancient systems 
of astronomy. It is supposed tliat the Spanish 
Jesuits comhatod the opinion that the earth was a 
«])lier(‘ wli(‘n Oolumbus })ropos(Ml his great voytige, 
iind that in arguing thus th(»y were only giving 
ox]U’ession to oj)inions wliich liad always been enter- 
tained. In fact, liowev(T, before the Cliristian era 
the Gr(M‘k and Egyptian philosophers kiu^w' mon^ 
about (‘clipses and the motions of tlu^ moon than 
a large m.ajority of the men of a^ erag(‘ education at 
the prest*nt day. 

If Ptoh'iny had b(‘(ui told that during the first 
half of the nineteenth century the accui'acy of his 
iistronomical knowledge would be a su])Ject of dis- 
cussion among learned men in distant regions of 
tlie eartli, and asked to pro^■e his powers by pr(‘- 
dicting the ecli]>ses of the moon which would 
haj>peii during that ] period, he would, after long 
calculations from his tabh^s, have Ix^en abh‘ to 
pr(‘dict, within two or thrf'e hours of the truth, th(> 
occurrence of every considerabh^ eclij^se of the moon 
from ISOO until the present time, and, indeed, for 
many c('nturies to come. His only serious error 
would have been tliat we should have found his 
])redictioii two or three hours late. For instance, 
on the morning of June 12, 1S81, there was a 
total eclij)se of the moon at two o’clock in the 
morning, Washington time, wdiicli corresponds 
to nine o’clock on the meridian of Alexandria, 
where Ptolemy made his observations. The tiuu* 
given by Ptolemy would have been quite connect, 
except that he would have assigned noon of June 
12tli as the date of the eclipe. He would gene- 
rally have predieted with correctness wluther each 
ecli[)se would be total or ])artia], and, indeed, could 
have made a fairly correct family almanack for any 
year whatever. 

To the casual obseiaer <*clipses of the moon, as 
well as of the sun, apj»ear to occur at very irregular 
intervals. These intervals ai’e detei*miiied by a 
combination of very beautiful and simjde laws of 
tlui celestial motions, wbicli the reader will be able 
to comjn-ehend by a little close attention, combined 
with sniiK* exei'cise of the imagination. Look iij) at 
the sky. Imagine it to he a great vault 240, bOO 
miles away from us in every direction, which it is 
well known is about the a\'ei-age distance of the 
moon. Th(‘ sun is shining ui>on the earth, and from 
the latter a shadow will ])e thrown upon this vault. 
J f 1 1 lore w'ere a real solid arch of the firmament 


at that distance, this shadow would every night 

distinctly seen upon it as a black disc some three 
times tlie ap^jarent size of the moon. It would rise 
regularly at sunset and set at sunrise. As the stars 
rise and set, this round shadow won hi ris(^ an<l set 
wdth them. But, watching it from night to night, 
we should find it to have a slow motion among tli(^ 
stars. The earth moving around tlu^ sun in its 
annual circuit, this shadow will in the same length 
of time move around on the celestial vault among 
the stai-s, com))h‘ting a circle at the end of the year. 
8u[)[»ose the centre of the shadow to be a jieiicib 
point making its mark as it moves around. Then 
at the end of the year the pencil -point would have 
marked out a complet(^ circle upon the hollow vault. 
Su])posing these stai*s set in the vault, this circle 
would he visible amongst them. It would pass 
very near the stars Aldebaran, Regulus, aiul 
All tares. To the eye of the astronomer the ap})arent 
position of this imaginary circle is as well defined 
as if it were a visible objirt. It is called the 
ecliptic. 

We all know that the moon describes a similai 
circuit in the heavens every month. Suppose that 
she also marks out her ]>ath uj>oii the vault as she 
moves around. 'Jliis patlj would also be a circle^ 
like the ecliptic. These two circles would be very 
iKMir, but not quite togetlua'. Th(‘y would cross 
each othei* at two opposite points (Fig. 1) on the 
vault, and l)e at their greatest distance, of five 



N 


Fig. 1, — The Eolmtie auU tlie Mt)on h Path around the Celestial 
Vault. Tlie Moon nioves in one circle, the Hha<low of the Earth 
in the other, n n, the Nodes of the Moon’s Orhit. 

degr(‘es, or ten diameters of the moon, half way 
between these jioints. 

The two points of crossing are called the nodes. 
At one point tlie moon crosstts to tlu' north of the 
eclijitic. This is called the ascemling node. At 
the opposite point sh(‘ ci‘oss(*s to th(‘ south. This is 
called the descending node. Tlie leason of ap] liv- 
ing these t(*rms, descendhi^ and ascend hop is that 
in the northern hemisphere, where astronomy lu\s 
been founded, tlie northern side of tlu* ecliptic 
ap[)ears aho\'(‘ the south side. 

Now let the reader (*xamine Fig. 2. Here the 
line A B is supjiosed to represent a small piece of 
the ecliptic, and c D a small jiiece of the moon’s 
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orbit, as marked out on the celestial vault. Tlie 
node is in the centre of the black shadow-circle g. 
E, F, and G show three i)Osition8 of the moon, and 
three iX)sitions of the earth’s shadow are seen 
below. It is now evident that if the shadow is to 
the left of A the moon will pass entirely above it, 
and there will be no eclipse. When the shadow is 
at P the moon will dip de(‘,])ly into it, but will not 
be entirely covered. Here, therefore, there will be 


F, 



Fi^. ii. - Sbowiniij how the eharaeter of a Lunar Eclii)Sc depeinls 
ui>oii the distance of the Shadow from the Node. 

(From Chanibcrs' Handbook of Antranomi//* by permission of the 
Hehijates of the Clurendon Press.) 

a partial eclipse of the moon. At g tln^ moon will 
])ass c(;nt rally throu^di the shadow, and will be 
totally eclipsed. We thus reach tlui following 
conclusions : — 

If the (earth’s shadow is veiy near the node when 


circuit in thp course of the year, it follows that the 
shadow will cross a node every six months. H eiice 
it is only at intervals of somewhere near six months 
that an eclipse of the moon can occur. As an 
examjdo, the shadow of the earth passed the 
ascending node on June 9th, 1881. This was 
only three days before the full moon. The latter, 
therefore, reached the shadow in three days, 
During that time the shadow moved away so 
short a distance from tlu^ node that thei(! was 
a total eclij)se. Continuing on its course, the 
shadow reached the descending nodcj on November 
30 — five days before full moon. Dining tljis 
time the shadow got so far from the nodt* that 
the moon did not pass entirely througli it, and 
ther(‘ was a i>artial eclipse. 

Now, if th(^ nodes always retained tlu^ saiiie 
position on the celestial vault, eclipsi's of the 
moon could occur only about the dates we have 
mentioned, namely, between the 1st and th(‘ 25th 
of June, and during the latter part of November 
or the first })art of DecemlKU* of every year. 

But now an additional movement sets in. The 
nodes do not always retain the same i>osition, but 
continually move from east towards west. To un- 
derstand this motion we look at Fig. 3, in which 
the horizontal lino from i^ast to west is su])))Osed to 
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the moon crosses it there will be a total eclipse of 
the moon. 

If the shadow is (fight or ten degi’Ci^s away there 
will be a })artial eclipse ; that is, the moon wfill dip 
partly into the shadow, lus at f. 

If the shadow is much farther away from the 
node there will be no eclipse, because tlui moon will 
pass above or below it. 

Everything, therc^fore, depends upon the j)ositioii 
of tlie shadow and the node. Because then? are two 
opj)osite nodes, and the shadow moves around its 


represent the ecliptic. The louver dotted line is a 
small portion of the moon’s orbit, and ilu) circles 
1, 2, 3, ifcc., to 10, represent ten successive ])ositions 
of the moon in her monthly cours(\ In position 9 
she is exactly at the node. 

Now wait a month, and look at her again as she 
crosses the same point. She wfill no longer ])as8 
along the line a a, but along b b, and tlie node will 
be near the figure 7. At the end of another month 
lier course will be along c c; at the end of the 
third month along d d ; at the end of the fourth 
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month along e c. Then the node will have moved 
to the right hand ('lul of the tigure. Continuing 
this change foi* nine years, or more than 100 revo- 
lutions of th(‘ moon, tlie node will have moved half 
way around the heavens, and the 0 ]>posite node will 
have come into the same josition in which the first 
one was when we started. The position of the 
moon’s }>ath at this time is shown in the tigure. 
At tin' end of (‘ighteen yc^ars and six months the 
nodt\s will have made a complete revolution, and 
th(‘ moon’s orbit will be found in its original 
position. 

This revolution of the moon’s nodes has taken 
plac(‘ unceasingly since the planets began to revolve 
ill their cours(‘s. Seventi'en hundred years ago it 
had b(^en so carefully calculated by Ptolemy that, 
as we ha^'e just said, he could follow it tlown all 
the centuries which have since elajised. It affords 
a key to the mysterious numbers which conm^ct the 
intervals betwe(*n eclipses. 

Now obs(u*v(* the consequence. The motion of 
tlie node its(‘lf is from east towards west, wliile the 
shadow, the (*arth, and the moon all move in au 
op])Osite direction, so that the node continually moves 
along to nuH't the shadow. The result is that it 
does not take (piite six months for the shadow to 
pass from on(‘ node to the other, but about 
ten days less tlian six months. Consequently, the 
period when eclipses may occur is about twenty 
days earlier every year. In a little more than 
eigliteen years, this makes up an entire year ; and 
thus the eclipse season, as we may call it, returns 
to its original |>osition. Consequently, if we start 
from any day wlnm the earth’s shadow is passing 
through the node and count forward periods of six 
months less ten days, we shall for a long time hit 
very near the times when eclifises of the moon can 
occur. The intervals may vary by two or three 
•days owing to the earth’s motion around the sun 
not being unifonn ; but we need not trouble our- 
selves at present with these little deviations. The 
main point to be understood may lie jjut in a more 
pi*ecis(; shape, as follows — 

On June 27t]i, 1880, the earth’s shadow crossed 
the asetmding node of the moon’s orbit. 

On December 18th of the same year it crossed 
th(‘ descending node. 

On June 8th, 1881. it crossed the ascending 
node again. 

On November 30th, 1881, it crossed the 

descending node again. 

On May 20th, 1882, it once more crossed the 
ascending node; and will so continue as long as 


the celestial motions shall go on without disturb- 
ance according to their present laws. 

Eleven or twelve days before, and eleven or 
twelve days after, each of these dates, the earth’s 
sliadow will be so far from the node that the moon 
will pass either above or below it ; so that eclipses 
can occur only within eleven or twelve days of the 
dates given abo\'e. 

The reader will, of course, understand that these 
dat(\s have no ref(‘rence to the position of the moon 
herself, ])iit only to the position of her orbit, which 
we have supposed to be pencilled out on tlio celestial 
vault, and of the earth’s shadow. If there does not 
happen to be any full moon within eleven or twelve 
days of the dates which we have mentioned, there 
can bo no eclipse. This will often happen, l)ecaus(^ 
the period between two full moons is twenty-nine 
and-a-half days. For install c(% a full moon will 
occur on tlie 1st of June, 1882, twelve days aftei 
the passage of the node. Consequently there will 
be no eclipse at that time, although the moon will 
very nearly touch the shadow. Sometimes, then*- 
fore, there will be a whole year during which theri^ 
will be no eclipse of tlie moon at all, and tlun^e can 
never be more than one at each interval of five 
months twiuity days. 

Th(‘re is another very remarkable cycle fi'equently 
rt‘ferred to, called the Saros, which was discovered 
]>y the most ancient astronomers. W(^ have said 
that the tim(‘s of eclipses were cai'efully recorded 
in ancient times among the historical annals. Thus 
(uxch geiuTation had the eclipses noticed by its pre- 
decessors, during periods of jierhaps many centuries, 
to study and to compare with its own observations. 
When the power of predicting an eclipse was some- 
thing very wonderful, wliich would gain its jxissessor 
tln^ liighest consuh^ration in the royal court, it was 
very natural that the priests, soothsayers, and 
astronomers should study the records of theii* jn’e- 
decessors with gr(?at cai'e, in order to see if they 
could not find some law by which they could fore- 
.see eclipses in the future. By such studies, coni' 
hiiK^d with some knowledge of the moon’s motions, 
it was found that all important eclijises rej>eated 
themselves at intervals of eighteen years and eleven 
days. Suppose, for instance, that there should be 
an eclipse of tlie moon on January 1st, 1880. 
There would then be another eclipse* of about the 
same magnitude on January 12th, 1898, a third 
on January 23rd, 1916, and so on forty or fifty 
times in succession. Hence, with a careful record 
of the eclijises through eighteen ye^ars, it was 
jx).ssible to predict those to come during the next 
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eighteen years by this simple process. The same 
method would be equally ai)plicable at the present 
time if there were any occasion to make use of it. 
For instance, a total eclipse of the moon which oc- 
^curred June 1st, 18G3, would be re[)eated on June 
12th, 1881. But as these phenomena are calculated 
from exact astronomical data in all our almanacks, 
there is no need of making use of the piaiod. 

It is not certain whether those who first dis- 
covered this period had a clear idea of thci connec- 
tion among the motions of the sun, moon, and node 
which causes it. This coniK^ction is, ho weaver, so 
simple that it was discovered before the time of the 
earliest astronomers whose writings have come 

o 

<lown to us, and can be understood even ])y an un- 
scientific reader with a little thought. We have 
just described the period of five months twenty 
days between two eclipse seasons, two of wliich 
periods make about elevcm months and twelve 
days, and measure the time required for the 
•eartli’s shadow to go around the heavens from one 
node and reach the same node again. To use? mor(‘ 
<‘xact numbers, the average time required to perform 
this revolution is 340*6201 days. Nineteen of 
these periods will make 0580*780 days. 

Now lilt us return to th(‘ moon. The average 
interval between two full moons is 29 530588 days. 
Multiply this interval by 223, and we shall have 
‘6585*32 days. That is, 223 intervals between 


number of revolutions. Since, as previously ex- 
jdained, the magnitude of the eclipse depends upon 
the distance of the shadow from the node when the 
moon pass(is through it, it follows that at the end of 
the period the eclij)se will be of a magnitude similar 
to its predecessor of eighteen years Ixdbre. The 
date of this repetition of the eclipse is that already 
given — June 12th, 1881. 

There is but one drawback to the use of this 
perio<l. It consists of a round numlxu* of days, and 
about one-third of a day ; that is, eight liours over. 
Consequently the ecli}>se will not recur at the same 
hour of the day, but will be eight hours later. 
Hence it may not be visil)le at the saim^ ])oints of 
the earth’s surface. In fact, in th(.‘ majority of 
cases, the moon will have set at the points wIktc 
the ecli])se was previously visible. If the first 
eclipse occurred at nine o’clock in the ev(‘ning, the 
next one would indeed be visible, because it would 
occur at five in the morning. But if the first onc‘ 
occurred at midnight, or later, its successor would 
not occur until the sun had risen, and the moon had 
set. Still, it is very easy, after one has got the 
period once in mind, to make allowance for this 
fraction of a day over, and thus to ])redict wheth(*r 
the eclipse will or will not be visibhi at th(^ previous 
place of observation. 

What takes place during an eclipse of tlu^ moon 
can be understood by comparing figures 4 and 5. 



.successive full moons make a period of time which 
is only half a day less than the time of nineteen 
returns of the shadow to the node. 

Now let us see the consequence of this. On 
June 1st, 1863, at six o’clock in the evening, the 
moon was immersed in the earth’s shadow, and 
both were six degrees past tin* ascending node. 
Since that time the shadow luus made a number of 
revolutions, and there have be»<en more than 200 
full moons. But in none of these full moons has 
the moon been in the shadow exactly O'' from the 
node. But if we reckon forward 0585*32 days, 
the moon will be again in the shadow at almost 
this exact distance from the node, because both the 
moon and the shadow will have made an exact 


Fig. 4 shows the form and situation of the shadow 
and penumbra cast by the earth. The p<uiumbra is 
that region where the light of the sun is partly cut 
off by the eaith. Its outlines are found by drawing 
straight lines from each edge of the sun through the 
opposite edges of the earth. The shadow is the 
region where the sunlight is all cut ofl*. Its out- 
lines are formed by drawing lines from the edges of 
the sun, so as to touch the earth on the same side. 

To understand fully the form of the shadow and 
])enumbra, we study their cross-section at the 
distance of the moon shown in Fig. 5. 

Supposing, as we have already done, that the 
celestial vault is as far as the moon, the observer 
might see the shadow thrown upon the vault. 
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Fig. 5 shows this appearance as it would be, were 
the vault really there. Of course, the shadow, iis 
we have marked it out, is not really visible, the 
whole sky being involved in a darkness. But if we 
could see the shadow just as it is where the moon 
ent^ers, it will present the appearance shown in the 
figure. 

The phases of a total eclipse of the moon, as laid 
down in our almanacks, are seven in number. The 


the light of the moon diminished to one-tenth, sh«^ 
still looks very much as she generally does. 

The difticulty of S('eing any change is increased 
by the fiict that there is no other moon of full 
brightness to compare her with. If, when the light 
is only half cut otf, we had another moon of full 
brightness to compare with, the eye could then see 
the difference. But without such a help the 
observer notices nothing until the moon almost 



Fijr. 5. — Cross Section of the Eakth’s Shadow where the Moon passes through it. 

Principal PliiT^cP of a Total Echp.'**’ df the Voon— l, Mooti cntiTs IN'iiunibra; !i. Moon t*nt(‘rs Shallow, louclnni!: at n ; It, Total Eclijiso bcginf!,!/ being thci 
JiiM jiiirt of tlif Muoti which t nttM> tin Sll:K^)^^ ; 4, MiUtllc of EclipbCtUoi iiiarkcdi ; I*, ToLiil Kchpee ends, Moon coming out at c, o. Moon loaves Shadow* 
tl being the hi-t i>art to lonvo ; 7, Moon leaves IVimiuhra. 


first phase, nuuked 1 in the diagram, is that when 
the moon first touches the i>enuiiibr;i. Tlio time of 
the moon n^acliing this j)oint is that first given in 
the almanack. Al»out the hour following, the moon 
passes from the ])osition 1 to the position 2. It is, 
however, remarkable that during this time the ob- 
server can really see scarcely anything of the coming 
darkness. Although one-half, three-quarters, or nine- 
tenths of the light of the sun is cut off from the moon, 
he would scarcely notice that the moon shone less 
brightly than usual. This is a result of the capacity 
of the eye to l>e subject to great variations of light 
without a corresponding change in the seiisiition. It 
is hard to conceive, as one looks up at the full 
moon, shining brilliantly in tlie sky, that her light is 
■BTnNTnMT fhat of sunlight. If on some 

night the moon should give ten times as much light Jis 
usual, people might remark how brightly the moon 
was shining, but the difference would not be at all 
striking. Hence it is not remarkable that, wuth 


reaches the position 2. Them ho sees a curious dark- 
ness on tlie edge of the moon at the point a. The 
apjiearance is much as if some dark -brown suIh 
staiice were rnbl>ed over it. The time when tlie 
darkness fii’st begins at the point a is given in the 
almanack as tliat when ‘‘ moon entei’s shadow.” 

As tlie moon passes from yiosition 2 to position 3, 
more and more of lier body is iiiini(‘rsed in the 
shadow. At fii'st the dark jioi’tion is totally lost to 
view. When only half the moon is visible, the 
remaining half appears as if the old legend were 
true, and some celestial dragon were eating up our 
satellite. But when she has almost entirely entered, 
the portion of hei- disc whicli is in the shadow 
gradually comes into view as an indistinct reddish 
siuface. The reason this red light is not seen 
before is, that it is overpowered by the fidl bril- 
liancy of the moon. When the latter is entirely in 
the shadow she is, for the most part, distinctly 
visible, shining as she does in this reddish liglit. 
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The fact that the moon is not wholly darkened is 
to the action of the earth’s atmosphere ui)on 
light passing through it. It is an o[)tical law 
that when a ray of light passes ohliqiudy through a 
transparent medium it is bent out of its course. 
The atmosphere of the earth (exercises such an effect 
ill this way that, when the setting sun has just 
reiiched the horizon the r(ial sun has sunk wholly 
below it. We may lie said, in a ceitain sense, to 
siQv tli(^ sun around a corner. The result of this 
action upon the rays of light coming from tln^ sun 
is, that all such rays as jiass close to the earth’s 
suiface are bent around, so as to continue on their 
course into tlie shadow itstdf, and thus meet the 
moon. In consecjuence, however, of the blue rays 
being absorlxjd by the atmosphere, only the red 
rays jiass through. Every one knows that the 
.setting sun looks red, .and it is these rays aloiui 
which can naicli the moon duiing the eclijise; hence 
it is that we see this faint light shed upon her. 

It must always hapiien th.at more or less of the 
light which might thus leach the moon is cut off* by 
clouds in the earth’s atmosphere. If it should 
happen that around all thosi^ regions of the earth 
wln^re the sun was rising or setting, cloudy or rainy 
weather prevailed, it might chance that scarcely 
any light could reach the moon. It is believed that 
•observation agrees with this conclusion, and that 
the moon is seen much more plainly in some eclii)S(^s 
than in otluu’s. Indeed, it is on record that the moon 
has soiiKitiines totally disai)[)eared during an ecli])se. 

Kei)ler says that, in the year IGOl, when the 
moon was entirely eclipsed, exc(‘pt a very small 
portion n(*ar om*. edge, the eclipsed part entirely 
disappeared. He mentions another instance, in 
1020, when during a total eclipse* not a trace of the 
moon could be distinguished, although the stars 
shining around h(*r ]-eniained distinctly visible, 
showing that the aii* was clear. Hevelius says that 
he observed the same thing in 1042. It is a little 
curious that such cases have not been remarked in 
recent times. It is, however, certain, (wen from 
recent observations, that there are great variations 
in the light of the moon during diffennit total 
■eclipses. The Eev. C/harh\s Mayiu% in a communi- 
cation to the Koyal Astronomical Society of London, 
stated that during the lunar (*clipse of March lOtli, 
184S, one of his family, going to the window, ex- 
claiiiK'd, ‘‘The eclipse is ov(*r.” Going to look 
himself, he saw that the moon wjis of the colour of 
tarnished copper, and w.as ther(‘fore still totally 
eclipsed. That the luminosity of th(‘ moon was 
remarkable during this eclipsi* is shown also by the 


evidence of other observers. The British Consul at 
Ghent, who did not know that there was an eclipse, 
wrote to a scientific friend to ask an (^x])lanation of 
the blood-red colour of the moon on that evening. 
Mr. Walkey, who observed the same eclipse in 
England, describes the moon as most beautifully 
illuminated, and assuming the appearance of the 
glowing heat of fire from a furnace tinged with 
a deej) red. The whole disc of the moon was us 
perfect with light as if there had been no eclij>se 
whatever. 

We are thus led to th(^ curious conclusion, that 
we can form an idcia of the weather around a certain 
zone of tli(^ t‘arth by the a]>pearance of the moon 
during a total eclipse. If tin; moon looks bright, 
the weather is fine where th(^ sun is, at the time, 
rising or setting. If she looks dark or disa})pears 
entirely, tli(^ weather is stormy. The obscawta-, 
however, will not generally be in the zone where 
the v^eather is indicated by the eclipse, 

Sir Geoi’ge Airy attempted to make an exact deter- 
mination of the amount of light given by the moon 
dimng the eclipse of June 1st, 1863. His result 
was, that about as much light was received from tin? 
whole suifact^ of the moon as from a star of the 
first magnitude. The difference of colour would, 
however, rend(T it difficult to mak(^ a comparison 
like this with precision. 

One curious appearance, which has sometimes 
been I’emaikiMl during a total eclipse, is that of the 
brightness of one of the lunar spots, Arisiarc/ttfs. 
This is such that in Herschel’s time there was 
supposed to be a volcano in active eruption at tliis 
]K)int. The ap]>earance which gave rise to this 
(h^ception can be seen, even without a total eclipse, 
by observing the moon with a telescope, through a 
v(;ry clear air, when she is about tlinxi days old, 
choosing a time near the end of twilight. It is now 
beli(‘ved to be due to the ('xtreme whiteness cf this 
spot, throwing back towards tlu^ earth a large por- 
thm of the light which falls upon it from the earth. 

The fourth jdiase given in the alman.ack is that 
of the middle of the eclipse. There is no need of 
marking it in the figun*. 

The fifth phase is that when th(» total eclipse 
(aids and tin* moon begins to emerge into sunlight 
at (\ Although on first coming out she does not 
get the* tenth part of full sunlight. b(*ing still in the 
l>enumbra, she looks as bright as ever. Gradually 
the whole disc comes out, and to all appearance she 
is fully restored immediately after the last edge of 
the shadow has ])assed away from d. This is the 
sixth 2 )hase givc^ii in the almanack, and then for all 
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practical purposes the eclipse is over. The seventh 
))ha8e is, however, calculated with conscientious 
precision, though no one is ever able to observe it. 

Whenever we see an eclipse of tlu^ moon, there 
would of course be an eclij>s(i of the sun to an 
inhabitant of the moon. It will be interesting to 
notice tlie relations between what we see on the 
moon, and what an observer on th(' moon would see 
on looking up at tlu^ earth and sun. 

Wluui the lunar observer first entered the earth s 
penumbra, he would see the edge of t\io earth begin 
to cut ofl‘ a portion of the sun. WJien in the 
middle of the penumbra, the sun would be half cut 
olf. The aj>peanince which would then be presented 



Fij?. C.— Partial Eclipse of t.lie Sun l»y the Earlli, 
as seen horn the Moou. 


to him is shown in F^ig. 6 : one half the sun 
is shining with full brilliancy, tJie oilier lialf is 
behind the earth. 

The latter is itself almost entirely invisible*, 
thongli it might bo dimly seen shining with a \erv 
faint liglit against the dark background of the sky. 
The sun, it will be noticed, is but little more than 
one-fourth the apjiarent diameter of the (*arth as 
seen from the moon, liis vastly gi’catcr magnitude* 
being more than counterbalanced hy his greater 
distance. After the sun had completely disaji- 
peared btdiind the earth, the outliiK* of the latter 
would be distinctly seen by a red liglit refract(;d by 
the atmosphere in the manner already describeil. 
Th(^ surface of tlie earth itself would j>i*obably be 
entirely invisibh*, and notliing but tliis red ring of 
light, broken herti and there by clouds, wouhl ]>e 
seen. The sun would, in fact, be totally (;clipsed for 
a length of time vastly greater tlian he is ever 
eclipsed to an inhabitant of tlie eartli. 


One of the most imj>ortaiit services which have 
been rendered by eclipses is that of enabling us to 
fix the datt*s of ancient historical events. It is- 
possible, with our accurate tables of the moon’s 
motions, to calculate every eclipse which has^ 
occurred during the past three tliousand years, 
giving the true time within an liour, and thus ascer- 
taining where the iihenomenon was visible. It can 
be determined with (Mjual certainty whether the 
eclipse was total or jnirtial. Hence, if an eclipse 
associated with any occurrence, it is only necessary 
to be able to identify it, when the date of the 
oecurrcnce will be accurately determiiu^d. Ptolemy 
cites a great number of lunar eclijises in which he 
gives th(* name of the reigning monarch at the 
place where observed, and thus fixes with ))n*cision 
a number of points in Gr(*cian and Baliv Ionian 
chronology. 

This use of (eclipses is intimately associated with 
their apjilieation to determine tlie motion of the 
moon. The accurate id(*as of this motion which wc 
have alr(*ady described, were gained by the ancient 
asti'onomers principally from observations (if lunar 
eclipses. The fact tliat these eclijises occurred only 
near the node, always enabled them to fix the posi 
tion of the nod(^, within a f(^w degrees, wlien th(^ 
(*ciipse was visible. If the eclipse were a pai*tial 
one, the node would be determined with still 
greater accuracy, becaust*, knowing the magnitude 
of the (H'lipse, it was jiossible to calculate how 
far tlie node was away, in oj-der that just so much 
of the moon should be immersed in tli(* (*artli’s^ 
shadow. Tlie tiiiu) of tlu^ moon^s revolution was^ 
determined by the inUu’val between tlie middle of 
imiiurtant ecli])S(^s sev(‘ral centuries aj>art. In 
mcKleni times eclipses of the moon wen*, used in 
tlie same way, and thus enal >!(*(! Hall(*y, a century 
and a lialf ago, to sliow tliat the moon’s motion had 
been accelerated since* the ancient observations. 
I>ut wo have now so many more* accurate methods^ 
of determining the moon’s position, that lunar 
eclipses an* no longm’ used for this })urpose. Ind(*e(l, 
they liave ceased to lx* occuri'ences of great interest 
to the ])rof(*ssioiial astronoimu*, because he knows- 
its much about an eclipse^ before it begins as he can 
observe during its occurrence. The only uncertain 
element is th(^ brightness of the moon. But such- 
occurrences can never cease to Ik*, of interest to ther 
public, even if they do nothing more tlian give a- 
visible assurance that the celestial motions are con- 
tinuing without the slightest disturbance, and that 
astronum(‘rs still jiosstiss the j>ower of predicting 
tliem witli cJitire certainty. 
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COLOTJR. 

By William Ackroyd, F.I.C., etc. 


I T is related of the celebrated Cli’cek artist 
Zeuxis, that he painted grapes so well that 
birds Hew at his jiicture to eat the fruit ; and of 
his rival Parrhasius, that he deceived Zeuxis him- 
self by the remarkable manner in which he portrayed 
a curtain. A clever colourist of the present day 
can also accomplish some wonderful things, as our 
art exhibitions regularly prove, so that we have had 
from the remotest times a sur})rising command of 
colour for imitative purposes. Now, it is highly 
probable that among the early paintei'S, and indeed, 
among otlier men, the question would oft(in suggest 
itself as to how or why colour is produced in nature — 
why the rainbow has such resplendent hues, and the 
flowers of the held such varied tints, and any original 
thinker among them untrammelled by the ideas 
then in vogue, would have concluded upon a care- 
ful vi(‘.w of the matter, that the doors of a mine 
of knowledge were closed against him. 8ucli 
remained the case until the advent of Newton, who 
here, as in many other instances, pronounced the 
magical “ 0[)en Sesame.” 

When Newton ascertained respecting a sunbeam 
that it consists, roughly speaking, of the seven 
different kinds of light which one sees in a rainbow, 
he had discovered the fundamental fact undet lying 
the various phenomena of colour. The colour of 
most substances could now be explained. We will 
supix)se you are looking at a bunch of straw! )errh‘s 
under its heavy roof of leaves, a rosy cheek on each 
berry being tui-ned towards the sun. To what is its 
colour due] Now since the skin of the berry ap- 
pears red - the j>rincipal light reflected from it is 
red — it is apparent that the remainder of the white 
light has been ke])t back and drunk in or absorbed 
by the surface. The skin of the berry has selected 
certain rays for absorption, and re-fused tlu* others, 
which have accordingly been I'efli'cted. This is the 
modern doctrine of selecfine absorption. A sheet of 
white ]»ap(n' is white because all the seven kinds of 
light are reflectijd from its surface ; a lily is white 
for the same reason, but many a yellow petal is 
yidlow because, wh(»n white light falls on it the 
violent, indigo, blue and green rays are selected for 
absoi'ption, and yellow ]^rinci})ally is reflected. The 
reflected rays a *6 received by the eye, and produce 
the sensation of colour. An explanation of this 
soi*t will do for a host of colours, in fact for nearly 
all the colours that exist. Two excei)tions have 

194 


been already dealt with ; the colours of the i*ain- 
bow, which are due to rain-drops acting on sunlight 
like glass lustres,* and the colours of soa]) bubbles, 
which are caused by the destruction of part of the 
white light which falls on tlunn, owing to the 
mingling of the beams reflected from the first and 
second surfaces of the film of soap solution, t 

It will be observed that these colours we have 
spoken about have an ol)jectiv(‘ reality, for they 
are the result of certain changes produced in white 
light by (external ol)jects. One sees, however, some- 
times, subjective colours, v.^., colours which are ducj 
more to a }>articular condition of the eye than to a 
state of external things. This arises from the eye 
Ixicoming colour- wearied under certain circum- 
stances. Thus, you may gaze at the red embers of 
the house fire until the eyiis become wearied of the 
particular light the embers emit. If a surface of 
white paper be now looked at, the eye is only abh^ 
to distinguish well those portions of the reflected 
light which are not like the rays emitted }>y the r(‘d 
hot cinders. As one therefore looks at the paper, a 
purplish image of the fire appears on it. Tlui 
colour of this subjective image is said to 
coinpleimniartf to the r(‘ddish light of the fire. 

The moon sends us tlu^ white light of the sun, it 
is a sort of vast looking-glass suspended in space*, 
which diverts the solar rays and sends them herti 
at certain times when w(^ are in darkness. Its 
white or silvery lustre is proverbial, so that if one 
could weary tlu* eyes for any paiticular colour, the 
moon ought, like the white* ])ai>er, to appear of the 
complementary colour ui)on turning the Avearied 
eyes towards it. Under such circumstances 
the writer once saw a blue moon. He had been 
gazing for a full half-hour at the orange-red light 
of a burning liuilding, and upon transferring his 
gaze to the surface of tln^ moon, it v as of a decided 
blue. And from other exi)eriiiients, one may 
assert, that if the light of the burning building hud 
been of any of the colours given in tlu^ first column 
which follows, the moon would lan e appeared of 
the complementary colour, given in the second 
column : — 

Colour. Complementary. 

Rod lUuish-j2:reon. 

Oranc^o Bhie. 

* “Tiie Kainbow : ’’ “ Science for All," Vol. I., p. 104 

t “ Iridescent Glass ; ” “ Science for All," Vol. I., p. 361. 
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Colour. Compleineutarv. 

Yellow Indigo. 

(xreen Ileddish-violet. 

Blue Orango-red. 

Indigo ( )range-yollow. 

Violet Y(*llow. 


Some such phenomenon as the preceding 
iiappens when one has been for a while in a 
building illuminated by the electric light. This 
light is paHiciilarly rich in violet, indigo, and blue 
rays, while ordinary gas-light is quit(* poor in them. 
Hence, when one has been with the electric light 
for a while and the eye has become w earied of its 
J>lue, indigo, and violet rays, any w^eak light like 
that of a gas-lamp appears of the complementary 
colour, so that ujion turning out of the place of 
entertainment or business wdiere the electric light 
is, into the lamp-lit street, the lamp-lights, one 
and all, ajipear j^ainfully yidloAv. 

The kind of appearance we ha^'(‘ been speaking 
about may be produced artificially in the follow- 
ing way. Suppose a (Fig. 1) to be a red circle 
(you can easily paint a circle red, or cut a circle 
out of a piece of red paper for the experiment); 
look steadily at the centre of it for about thirty 
-seconds in a strong light, and then turn your 
attention to the cmitre of the wdiite circle (b) 
by the side of it. The latter will now ajipear of 
a complementary colour to the former — viz., of a 
pale bluish-green. 



Fijs. 1 — H>.)w to see a Coini>lemt*ntarj Co oiii-. 


If a combination of all the colours in the first 
column, i.fi., wdiite, be steadily stared at, then since 
the eve has beconu* w'earied for all of them together 
black ouglit to be seen under jiroper condition.s. 
In Fig. 2, certain white letters are seen on a black 
ground ; gaze at these steadily for some time in a 
good light, and then look at the wdiite square. The 
white letters wdll now* appear black on a white 
ground. It is no doubt owing to some such caus(‘ 
as this that travellcTs in the Arctic regions are 
often troubled with snow-blindness, a total w^eari- 
uess of the sight, brought on by gazing too long at 
the white glistening snow\ 

We must now try and ascertain a little more 
al>out objective colour, and to this end it wdll be 


well for us not only to speak of the appearances 
which may be seen, but also of the ways adopted 
for seeing them. In order to analyse a colour, and 
thus get, as it were, at its individuality, it is 
necessary to employ the spectroscope. The method 
of proceeding will be apj)arent from a consideration 

SCIENCE 
FOR ALL 

Fig. 2.— White mode Black. 

of the following example : We w ill suppose that 
the reader is sat down before this instrument, with 
tlie intention of examining a coloured solution (1^-* 
He has iireviously taken a imrticle of solid magenta, 
of a greenish metallic lustre (3), and dissolved it in 
methylated spirits highly diluted with w\ater. The 
solution is placed in a vi^ssel with paralhd glass 
sides, so that light can pass straight through it. If 
a gas flame be now arranged on one side, and the 
slit of the s])ectroscope on the other side of the cell, 
so as to receive the light which has jiassed through 
the coloured solution, the ai>p(^aranct^ observcnl will 
be that given in (2). The colour of the solution, as 
seen w'ith the unaided eye, is jivesented in the 
square j»atch (4). Now^, the bare flame of the 
burning gas, view^ed with tlu‘ sp(‘ctroscopt^, w'ould 
give a continuous S 2 )ectruiii, i.e., there w'ould be all 
the colours cf the rainbow^ in it in uninterrupted 
succession. It is apparent, therefore, that the 
light, in passing through the mage‘nta solution, has 
been robbed to some extent, and w here it has been 
robbed there appears a black band. This band is 
called an absoi'ption band, and the appearance gi\ en 
ill (2) is called the absorption spectrum of magenta. 
So, in like manner, if one were to take the colouring 
matter of birds’ eggs, of tluj leaves of trees, or of 
the coloured jietals of flowers, ujion getting solutions 
of them and (‘.xamining these solutions spectro- 
sco))ically, in the way just described, definite 
absorption sjiectra would be obtained, which in a 
great many instances would serve to identify tlu^ 
jiarticular substance that was being studied. Ex- 
periments of this kind may be very satisfactorily 
jicrformed by means of a home-made sjiectroscope, 
such as that which stands on the table below the 
large sjiectroscoi^ (1). The two essential parts in 
a little in.stiiiment of this soi*t are the collimator 

* The nuiiil>erH in bracketn refer to the Froiitisiiiece of this 
vuliune. 
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and the prism. The former is simply a tube with a 
brass slit at one end and a double convex spectacle 
glass at the other ; while the latter is a piece of 
glass tubing which hbs been worn into a wedge- 
shape and then had plain glass ends cemented on 
to it, and finally been filled with bisulphide of 
carbon. The light-source and coloured solution 
being before the slit, the spectrum of the substance 
is seen upon looking into the bisulphide prism 
sufficiently well without the aid of a telescope. 

In examining coloui’ed fluids, it soon becomes 
apparent that the colour depends to some extent 
upon the thickness of substance through which the 
light has jmssed. Thus a very thin layc^r of treacle 
is quite yellow, but upon looking into a white pot 
filled with it, the treacle appears of a very much 
darker tint. The light has really had to pass 
through a thickness of treacle, which we may 
suppose to consist of a great number of thin layers, 
on its way to the white porcelain fi-oni which it is 
reflected, and again has to pass through the same 
number of imaginary layers on its way back to the 
eye. Each layer does its share of absorbing some 
portions of the white light, so that the dark colour 
of the ])Ot of treacle is the result of much more 
ab8orj)tion than that which giv’^es rise to the yellow 
colour of a very thin layer of it. The spectroscope 
shows this conclusively. In Fig. 3, two observa- 
tions of treacle with the little spectrosco[)e we have 
just described are given. The uj)per spectrum, 
shows that a very thin layer of tn^acle absorbs the 

V I B G YO R indigo, and blue 

light ; while the lower 

^ spectrum, h, shows the 

^ effect produced by double 

the thickness, viz., an in- 
crease in the absorption. 
Thei'e are several ways of 
representing absorption. 
One may simply draw the 
appearance seen in the 
spectnim, as in a and h 
(Fig. 3), or the same facts 
may be set forth by means 
of drawings such as b\ 
or a", A horizontal line here represents the 
length of the spectrum of white light, and the 
region absorbed is indicated by dark bands, as in 
and b\ or by curves, as in a", h". As the 
absorption band in the spectrum decreases in in- 
tensity, the dark band in the diagram representing 
it is made thinner, and the curve approaches the 
horizontal line. 


Several ways have been devised for showing in a 
diagram at a glance the increase of absoi*ption with 
increasing thicknesses of the coloured solution ; in 
other words, the whole progress of the absorption 
from a very thin layer of coloured liquid to a thick 
one. To this end Dr. Gladstone employed a wedge- 
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Fjj?. 4. — Gludstone's Method of seeing the whole Progress of 
Absorption. 

cell of glass, ic, for holding his solutions. A thin 
slice of light, a, from a perpendicular slit, was 
passed through the wedge-cell I’esting on its edge ; 
and now, upon examining the transmitted light 
with a piism, held so that its refracting edge 
was parallel to the slit, as in the ordinary spectro- 
scope, the completes absorption spectrum of the 
sidjstance a', a\ b\ b'\ was seen. Chromic chloride^ 
examined in this way gave somewhat the same 
figure as (9), where it will bo observed that the 
absor 2 )tion increases as we pass from the edge of 
the wedg(* towards its thicker parts. Muller had 
previously obtained the full absorption spectra of 
many substances, although unknown to Dr. Glad- 
stone. TIis drawing of the absor]>tion produced by 
a solution of indigo is given in (8). TIkj writer 
soiiK^ years ago attempk^d to place the method on a 
quantitative basis by using solutions of known 
strength, and employing thicknesses of from one to 
fifty centimetres. A quantitativ'e observation is 
given in (10), and such a diagram is meant ta 
convey the knowledges, among other things, that in 
a solution containing *0000008 of a gram of 
magenta ])er cubic centimetre, a thickness of 10 
c(mtimetr(NS produces a ct^rtain effect, and the obser- 
vations with 20, 30, and 40 centimetres show how 
the absorption increases. 

Although, as a rule, a substance when dissolved' 
is of the same' colour as in the solid state, there are 
noted exce])tions. Magenta, for example, in the 
solid state, has a greenish metallic lustre (3), while 
in solution it is of quite another colour (4). This 
may be seen \ery well by making a concentrated 
solution of magenta in alcohol, and pouring it over 
a plate of clean glass. When dry, the magenta 
ap])ears of its peculiar gi*een colour by reflection 
and of a deep pmk when viewed by transmitted 
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liglit. Many of the aniline dyes also exhibit this 
j)eciiliarity, and it would likewise seem to pos- 
sessed by the colouring-matter of logwood. Chips of 
very good logwood display on tlieir edges a yellowish 
metallic appc^ai-ancc^ which, when dissolved off by 
alcohol, gives a solution ditiering from it as much 
in colour as the green and ])ink of magenta differ. 
Gold is also another example of the same kind A 
very thin leaf of the metal, when (‘xamined by 
transmitted light, is greenish, but the ordinary 
aj)pearance of the gold, that is, its colour by reflec- 
tion, is yellow. It is a peculiar fact, made out by 
Stokes and otliers, that the light n‘flected from 
such substances as solid magenta is of th(‘ same 
quality as the light which th(*ir solutions absorb. 

We hav(‘ said that the sp(‘ctrum of white light, 
like that of a candle, is a continuous one with no 
interruption from the violet at one end to the re<l 
at the other. Coloured flames give a widely 
different kind of spectrum. If a platinum wire 
which has beem dip])ed into a solution of common 
salt be inserted into the colourless flame of a 
Bunsen burner, a golden-yellow light is obtained. 
An examination of the flame with a small spectro- 
scope shows only a single yellow line of light (5), 
which may be n^solved into a couple of yellow lines 


Perhaps the most impoi*tant jx)int with regard to 
them is the alteration of colour that may be 
effected by means of heat and certain reagents. 
We have already dealt with the changes produced 
by heat* and it now remains for us to say some- 
thing about the colour changes that may be effected 
by means of reagents. 'J'o make clear what is 
meant take the case of iodine. If one dissolves it 
in alcohol it forms an orang(vcoloui*ed solution, and 
its spectrum is not unlike the one for treacle (Fig. 
3), as the violet end of the spectrum is absorbed ; 
but if the iodine be dissolved in bisulphide of 
carbon, the solution is violet-coloured and the 
sjM^ctrum is now of the same soi*t as the absorj)tion 
spectrum of magenta, there being one absorption 
band seen towards the middle of the spectrum. It 
is therefore apparent that the spectrum of .any 
particular substance depends much upon the nature 
of the solvent. A neutral solution of litmus of a 
blue colour changes to i*ed upon adding a fevv drops 
of acid, and may again b(j changed back to blue 
upon the addition of a little ammonia. Changes of 
tliis kind viewed spectroscopically serve to identify 
substances, for although two substances may have 
spc^ctra nearly alike under certain circumstances, it 
is generally found that the changes which in.ay be 


with a more powerful instrument. The metal produced by the .addition of various reagcmts are 
sodium, which is contained in common salt has sufliciently diflei'ent to determine that thc^y are 


tlnu-efore a very distinctive 
spectj*um, and by means of it 
one can detect a very small 
trac(* of this metal in any 
given mixture. Many other 
metals give very distinctive 
spectra when the colourless 
Bunsen flame is coloured by 
means of their compounds. 
Hence, when Mr. Crookes, in 
18G1, in the spectroscopic ex- 
amination of a ])eculiar deposit 
from a sulphuric acid factory, 
found a tine green line (G) 
which could not be attributed 
to any metal then known, the 
t*onclusion was irresistible that 
he had come across a new 



'eleimmt. So it was afterwards found, and the new 
metal was named after its spectrum, thallium (from 
thalloSy Gr., green). In a similar way Reich and 
Richter in 1863, by an examination of the zinc- 
blende of Freiberg, discovered the rare metal 
indium by means of its spectrum (7). 

But to return to tlie colours of natural bodies. 


dissimilar colouring matt(TS. By taking ad vantage of 
this fact, Mr. Sorby found in his study of the colours 
of birds’ eggs that all the variety one sees may be 

♦ Tlie Colours of Animals ‘ ‘ Science for All, ” Vol. I. , p . 250. 
t Collected from Mr. Sorby ’s paper on the Colouring Matter 
of the Shells of Birds’ Eggs, in the “ Proceedings of the 
Zoological Society of London,” May 4, 1875. 
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^ue to some six or seven colours. They have been 
christened respectively: — oorliodeine, a red; oocyan, 
a blue ; banded oocyan, another fine blue ; yellow 
.ooxanthine; rufous ooxanthine, a colouring matter 
giving narrow absorption bands in the red ; and 
lichiioxanthine. Their spectra are given in Fig. 5. 
The nightingale’s shell contains a mixture of 
oorliodeine and oocyan ; the bliui portions of a 
-thrush’s egg are coloured by banded oocyan, while 
the dark spots contain oorliodeine ; and the blue- 
gre(jn of hedge-sparrows’ eggs contains a variable 
mixture of oocyan with yellow ooxanthine. The 
lichiioxanthine, an orange ycillow colour, is found 
ill almost all kinds of plants, but apjiears to be 
best obtained from a yellow fungus, the Clavnria 
fasiformis of botanists. 

Dr. Tliudicum has shown that when the red 
colouring-matter of blood is decomposed by strong 
sulphuric acid, a peculiar substance is produced 
which has been named cruentine. This cruentine 
bears so strong a resemblance to oorliodeine, that it 
would seem to foreshadow tlie discovery of some 
hidden relation between the red colouring-matter of 
birds’ eggs and the blood itself, which perhaps is 
not so v(Ty imjirobable, seeing tliat they are both 
products of vital phenomena in an animal organism. 
Tlie oorliodeine dissohu^d in nearly neutral alcohol 
gives the spectrum 1, Fig. 5. Imagine each of the 
five bands to be moved ever so slightly towards the 
violet end, and then you get the spectrum of 
cruentine. When these two colouring-matters are 
dissolved in alcohol with strong acid, they both 
give a spectrum with three liands which aT*e as 
nearly coincident as possible, an agreement so close 
that a superficial observer might conclude that they 
were absolutely identical. 
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Fif;. 6.~Spectra of Blood. {Ajicr H. U'. Vogel.) 


The colour of blood itself is an intcu'esting 
•subject of study. Its peculiar spectrum may be 
readily seen by smearing a glass plate with a drop, 
and then examining the light transmitted by me^ns 
of a spectroscope of small dispersion, a one-prism 
spectroscope, or a direct-vision pocket spectroscope. 
The spectrum of fresh scaidet blood is given in 1, 
^'ig. 6. When the blood is deoxidised by long 


standing, or by warming in a water-bath ahove 
C., a colour change occurs, and the spectrum 
now is like 3, Fig. 6. The blood of animals that 
have died from asphyxia — i.^., a deprivation of air 
or sufibcation — shows the same change. When 
blood has been poisoned by carbonic oxide gas (UO) 
it is possible to determine the fact by means of the 
spectroscopic. A direct comparison of the spicctrum 
of the poisoned blood with the spectrum of pure 
blood will show that in the former tluc isolated 
bands have been moved slightly towards the green 
(Fig. G). 

V cry important matters may be sometimes 
determined by means of these absorption bands. 
Here is an instance which happemed several yi'ars 
ago. A man was found dead in an outliouse 
attachicd to a foundry at Port Dundas, Glasgow. 
No one knew how he had come by his death. It 
was possible that some foul crime had been 
committed, or that he had succumbed to natural 
causes, but there seemed to be no evidmice to i«st 
any opinion on at all. The matter was investigated 
by Dr. Thorpe and Mr. Falconer King, when it 
appeared wry soon that it was a case of foul air 
poisoning, for when a pigeon was thrown into the 
room where th(^ man had died, it fell to the fioor, 
fiuttered, and apparently died in about fifty seconds. 
A dog which was sinnlarly treated succumbi^d in 
three minutes. When the blood of the dog was 
ex.amined spectroscopically it exhibited the clianges 
due to the presence of carbonic oxide. Tlie man 
had evidently been poisoned by breathing carl*onic 
oxide, and it was subsequently found that tlie gas 
had access to the room by means of a cracked 
pipe, which })assed by some smouldering cinders 
under the surface of the adjoining yard. 

By means of these absorption bands it is also 
possibhi sometimes to detect coloured adulterants. 
Thus Borby has shown how one may detect the 
])resence of such substances as logwood, Brazil 
wood, rhatany root, and the berriijs of the Virginian 
Poke {P/tytolacca iheandra) in dark wines. He 
also found it possible to tell the age, up to six 
years, of port wine from the cask. The specimen 
of wine to be tested was divided into two portions, 
to one of which a quantity of sulphite of soda was 
added, the other remaining unaltered. The ab- 
sorption produced by a thickness of one inch of 
the altered wine was then compared with a lesser 
thickness of unaltered wine giving the same amount 
of absorption. The latter thickness furnished a 
sufficient indication of the age, as the following 
figures show : — 
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Age 

in years. 
0 
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H 

H 
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Altered 

wine. 

Inch. 

1 

1 

1 

1 

1 

1 
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equal in absorptive effect to 


Unaltered 

wine. 

Inch. 

•22 

•63 

•70 

•73 

•7d 

*765 

•7S 


Sufficient lias now been said to prove that the 
colour of a substance, be it gaseous or lit^uid, when 
analyscid by ineAiis of the spectroscope, may teach 
students important facts both in pure and applied 
science. It somotimes happens, however, tliat a 
colour may be so weak that an absur]>tion band 
cannot be se(m by ordinary means, although to the 
unaided eyi^. the substance may have a dc'ffnite 
tint, thus showing us tliat the colour ])ercej)tion of 
a normal eye is exceedingly keen. Has it always 
been so ? 

The various faculties of civilised man arc^ 
admitted to }iav(i rwichecl tli(3ir high state of 
development by a series of stages, and to some 
thinking minds the question has arisen whether 
our early forefathers may not liave had a poorly- 
developed i>erc(3ption for colour which, in the 
course of ages, has arrived at its present state of 
]K*rfection. Hence it has been supposed that our 
capacity for distinguishing colours has increased 
ev<‘n in historical times. The grounds for this 
belief are mainly philological. For examjile : 
according to Gtdgei^, the colour of grass and 
foliage is never alludcnl to as a beauty in the 
Vedas or Zenda vesta, though theses productions 
are praised for their other qualities, and blue 
is described by t(irms denoting sometimes green, 
soiiK^times black. Moreovc.T the colour of the 
sky is never mentioned in the Bible, the Vedas, 
the Homeric pocmis, or th(i Koran, yellow is oft(*n 
confounded with green, but along with red it was 
one of the earliest colours to receive a distinct 
name. Aristotle givtis names to three colours in 
the rainbow, viz., red, yellow, and green, while 
two centuries earlier Xenophanes h.'id described 
the rainbow as purple, Yiddish, and yellow. 

Now both Ernst Krause and Grant Allen have 
shown that much of this ambiguity in the work of 
the ancients regarding colours is due to a lack or 
careless use of words, and it may fully accord with 
the reader’s experience. He doubtless remembers 
a period when he had only a small list of colour 
names at command, and at that time, although 
{lossessing a keen perception for colour, a name 
was often given to one tint which ought to have 


been applied to another — e,yf., blue for green, or 
green for blue — and a great many colours were^ 
simply indescribable without reference to some 
common object of a like tint, yuch may have 
been the position of the ancients. No colour term 
would be used until an absolute want for it was 
felt, and then the word employed would probably 
refer to some substance of a like tint, just as we^ 
now use the words carmine, vermilion, indigo,, 
lilac, and violet. We doubt not that a philologist 
might maintain that those colours which seem to 
have been the earliest to receive a name, obtained 
it in this very way, the primitive hunter calling, 
that ^/A'on which was yet growing ; that ml which 
had attained to the quality of ripeness, and evei’y- 
thing 1 /f^How which schemed like the egg-;yo/k he 
IovckI so well. Their colour names were few, and 
even now, with all our advance in science and art,, 
one has a difficulty in counting more than some 
birty distinct names of colours, although, as a 
matter of fact, the colours themselves ar(3 legion. 
We feel strengthened in this view of the mattiT, 
viz., that it was a lack of words, and not of colour 
discrimination, the ancients were ti’oubled with, 
when we call to mind that scarcely a century 
S(‘parated Xenophanes from the great painter 
Zeuxis, whose remarkabh' imitative^ power we 
mentioned at the commencement ol‘ this papcT. 

On these grounds, them, philological evid(*nce do(‘S 
not seem strong (‘uough to warrant the conclusion, 
that a variegated landscajio a])p(‘are<l to ]>re-historic 
man of one tint ; that, in short, his visual organs 
were sensible only to (juantitv, and not to (juality^ 
of liglit. For him there was doubtlessly the same 
]>l(‘asure as for us in viewing the green carpeted 
earth, th(3 blue vault of heaven, and the glowing 
tints of sunrise and sunset, and equally well 
)>leased would he be with the colours of flowers and 
the plumage of birds. Nay, we are inclined to ga 
farther than sinqdy maintaining that he possessed 
the colour sens(i, so far, in fact, as to hold that 
with him the ajipreciation of colour was so keen, 
as to load to its being indissolubly associated 
with his emotions. With the rosy dawn he was 
joyful and hopeful ; but a landscape suffused with 
mist, cold and blue, gave him sadness. This tendency 
has been transmittt^d to ns in intensified form, and 
we now even avail ourselves of a knowledge of it to 
increase theatrical effeijts. To take an example : 
The opening portions of the French play Marcel ” 
are particularly gloomy. A father having acci- 
dentally shot his son, goes out of his mind. The 
play represents the endeavours of a loving wife to 
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restore him to his sanity, by introducing him after 
a while to his home and surroundings in exactly 
the same conditions as when the unhappy accident 
happened, an endeavour in short to induce in him 
a temporary belief that the last few years have been 
but a hideous nightmare. In this she succeeds. 
When the curtain rises on the oi)ening scene, two 
•servants are observed in converse together; they 
are in the wife's secret, and whilst ])rei)aring to 
receive theii* insane master dread tlie issue of 
events. Sad and gloomy appears everything, and 
the effect is intensified by suffusing the stage with 
a blaiifh-greeii light. The very opposite fe(‘Iing, 
pleasing expectancy, is associated in tlu* writer s 
mind with the very oi)posite tint, the comple- 
mentary orange. 

One might therefore divide colours into cluK^rful 
and sad, and seeing the wonderful depcuidence of 
body on mind, tlie subject becomes on(‘ of gi*eat 
importance. Dr. Benjamin Richardson has re- 
mark(id that altliough he could not agrees with the 
^statement of a learned psychologist, that the c'fiect 
of colour on the mind is so definite as to d(*terniine or 


modify actual aberration of it, nevertheless he was 
of opinion that there are healthy and unhealthy 
colours. Two particularly healthy colours ai’e the 
two which Nature offers us in her blue sky over- 
head and green carpet under our feet. The faint 
grey colour which she gives us in light cloud is a 
healthy shades for shadow, and the pink and golden 
tinges which she ])resents by sunbeam and cloud 
ar(‘, as occasional colours, healthy. Beyond these 
coloui's for a room in which many houivs of life ai*o 
passed, all are wrong. He found that dense reds, 
deep blacks, staring yellows, and blank whites, are 
l>ainful and fatiguing to the eyes. There is no 
doubt but that this effect is dependent, to some 
extent, on one’s physical condition ; a robust p(U’son 
experiencing little or no inconvenience, wh('r(i one 
of finer mould suffers positive pain. It b(»hoves us 
all, however, to pay more attention to these 
matt('rs than w(^ liav(i hitherto don(‘, and if wo 
cannot have wall ])ap(u*s suited to every mood of 
mind, as ])ictured in Tennyson s “ Palace of Aid,” 
lei. us at least liax e them neither too grave nor too 
gay, but of the hap 2 )y mean supplied to us in Nature. 


A PIECE OF BLACK-LEAD. 

Bv F. W. hi'DLEu, F.G.S., 

Curator of the Museum of Practical Geology, London. 


A piece of black-lcad apjiears to have been 
naiiKHl on much the sauu* principle as that 
followed in naming the Speaker of the House 
of Commons. The Speaker is a man who does 
7iot speak ; the black-lead is a substance which 
•contains no lead. It is true that a piece of black- 
lead presents characters which, at first sight, are 
strongly suggestive of a metal ; but it is easily 
^ihown that these characters are only superfichtl 
and delusive. If we split open a lead-pencil, 
and extract the thin rod which forms the axis of 
the cedar cylinder, we obtain a body which re- 
^ienibles a metal, inasmuch as it ixissesses a dark 
iron-grey or lead-colour, coupled with exactly that 
kind of lustre which we generally regard as charac- 
tt^ristic of metallic bodies. The suiface of a com- 
pact piece of nuital always presents a peculiar bril- 
liancy, due to the fact that much of the light which 
falls upon the surface is thrown back instead of 
passing into or through the substance ; in other 
^'ords, the light incident upon the surface is neither 
absorbed nor transmitted to any considerable 
extent, but is almost wholly reflected and scattered. 


Now, there are but very few substances, except 
metals, which posst^ss such a condition of surface as 
to produce this im^tallic sheen. Iodine is one of 
these non-metallic bodies that look like a metal, 
and ]>lack-lead is another. 

It is mainly in consequence of the nietal-liko 
lustre of black-lead that the material is so largely 
employed as a polishing agent. When the house- 
maid rubs the ])owdered substance upon the cast- 
iron grate or feiuhu*, she produces a reflecting sur- 
face which has a metallic appearance ; and, at the 
same time, the thin coating which is thus applied 
serves to protect the underlying mtdal from mst. 
In like manner, though for a dillereiit reason, 
black-lead is extensiv(‘ly iised for j>olishing certain 
kinds of gunpowder, (^sjiecially the coars('-grain(*d 
powder emjdoyed for blasting in mining o|)erations. 
The powder is placed, with the finely-divided black- 
lead, in revolving barrels, and the corn thus receives 
a glaze or varnish which })rotects it from absorption 
of moistun^ 

Any conclusion as to the metallic naturt^ of black- 
lead which may have been suggested by the lustre 
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and colour of the mineral is likely to be rudely 
shaken on noting its specific gnivity. By merely 
poising a piece of black-lead in the hand, we may 
observe how light it is, compared with ordinary 
metallic bodies. In fact, the specific gravity of 
black-lead is but little above 2 — that is to say, 
the mineral do(JS not weigh much more than twice 
its own bulk of water. Advantage is somcitimes 
taken of this comparative lightness in dressing 
black-lead for the market. It frequently haj>pens 
that a rock may contain scales of plumbago dis- 
seminated throughout its substance, so as to form 
what has been called “black-lead ore.” In such a 
case it is possible to separate the two substances by 
crushing or stamping the ore, and allowing the 
fine fragments mixed with water to flow over a 
mechanical contrivance, in which th(^ light scales of 
black-l(‘ad and the lieavier stony particles roughly 
sort themselves by vii*tne of this difference of 
density. It is scarcely conceivable that these light 
scales of plumbago can contain a metal proverbially 
so heavy as lead. 

The false notion that black-lead, in consequence 
of its lustre and colour, must be in some way con- 
nected with a metal, is suggested not only by its 
jiopular name, but equally by the schmtific term 
phiinbrujo^ a name derived from the Latin word for 
lead — phimhfoii. It is worth noting that certain 
ancient writers made this word do duty foi- the two 
distinct metals — l(?ad and tin ; in which case the 
iead was distinguished as phunhum myrmn^ or 
black-lead ; while the tin was termed pbtmbtun rmi- 
dklnm^ or white lead. How strangely alt^ered is 
the modern meaning of these t<*rms ! Our “ white 
lead lias nothing whatever to do with tin, neither 
has our “ black-lead ” any i*elatioii to metallic lead. 

White- lead and red-lead are bodies which, as 
everyoiK^ knows, are utterly unlike metals ; never 
theless tiny stand true to their names, and really 
do contain h‘ad, the metal existing in the one sub- 
stance as a carbonate, in the othei as an oxide. 
But the jase is widely different when we conn* to 
deal with black-lead, for this mineral, notwitli- 
stauding its iiietallic (exterior, is not only destitute 
of h‘ad, but when in a state of purity contains no 
metal of any kind. In most cas(»s, however, there 
is a small quantity of iron accidentally j^reseiit, and 
if the plumbago burnt, this substance is left be- 
liirnl, with other impuritic^s, in tlu^ form of a reddish 
ash. 

It is by burning the black-lead that the modei*n 
chtMiiist has got at the secret of its chemical comjK>- 
sitioiL If a small fragment of plumbago be strongly 


heated in excess of oxygen gas it slowly bums away^ 
and were it absolutely pure would ultimatedy dis- 
appear. As a matter of fact, however, there is; 
always more or less residual ash, due to impurities 
in the black-lead. At the close of the experiment 
it is found that the oxygen which has taken part in 
the combustion has been converted into carbonic 
acid gas. In short, the outconui of the operation 
is identical with that obtained when a diamond is 
burnt in oxygen.* A given weight of diamond 
when completely burnt yields a definite weight of 
carbonic acid ; and if instead of diamond we take 
the same weight of pure plumbago, we obtain as a 
product of combustion precisely the samii weight of 
carbonic acid. And just as it is inferred from 
.studying the combustion of diamond that this goin 
consists of carl)on, so the same r(*asoning leads to 
the conclusion that ])lumbago has a similar compo- 
sition. Tlie black-lead, or plumbago, is in fact a 
varuity of native carbon. 

But it is a variety of carbon much hiss pure than 
diamond — a fact of wliich we may be readily satis- 
ficed by comparing the quantity of ash usually left 
wduen a piecc^ of black-head has been burnt with that 
heft after the combustion of the same (quantity of 
diamond. It must be admitted, however, that the 
proportion of ash is extivmcely variable in difierent 
kinds of plumbago, for whihe some ^arieti(^s arc' so- 
impure as to heave a rcssidue ecjual to onc‘-quarier 
of their weight, othc'rs do not yield more than one*- 
five-hundredth part of their weight of ash. The ash 
generally consists of silica, alumina, and oxide of’ 
iron. It is the oxide of iron which imparts a reed 
colour to the ash, and as this colour is almost 
invariably present, some of the older chemists were 
led (a? believe that the carbon in black-lead must 
sjways be combined with iron ; wlience they 
describced a piece* of black-lead, in the chemical 
phrasciology of the* day, as a “ cearburet of iron.’^ 
Such a view was originally put forth by the cele- 
brated Scheede, and is to be found in old works- 
on mineralogy. It was shown, howevcT, in the 
early part of this ccuitury, by Vanux(‘m and by 
Karsten, that the iron in plumbago is not conibim*d 
witli carbon, but exists in thc^ form of an oxide. 
Moreover, the j)resenceof the oxide of iron ispurc‘ly 
accidental, and its quantity is, in .some easels, so c‘x- 
treinc*ly minuter as to be almost inapprc^ciablc'. We 
aretlius led to cxmclude that the black-lead, orpluin*- 
bago, is not necc\s.sarily a compound containing iron^ 
but that, when frcied from impurity, it is, like dia- 
mond, a natu)*al fonn of the* elemcuit varhon. 

• “ DiiiinoudH “fcscieiicc for All,” VoL II,, p. 11)4,. 
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Like diamond, again, the plumbago occasionally 
occurs crystallised. But in tliis case the forms 
which the murky mineral assumes are extremely 
different from those of the brilliant gem. The 
crystals of diamond are always more or less i-tdated 
to the regular octahedron (Fig. 1, a), but the 
crystals of plumbago are generally six-sided scales 
(Fig. 1, b). These two tyjx^s of crystalline forms 
are geometrically incompatible with each othta-, 



A 

Fig. 1. — DiiiiorphonH Forms of Niilive Carhou. A, an Octabedrul 
Crystal of Diamond ; n, a Six-sided Scale of Graphite. 


and represent, in the language of crystal lo- 
graphers, two distinct “ sysbdiis.” When a sub- 
stance is capable of assuming a duality of form 
4)f this kind, it is said to be (limorj>hot(s^ or two- 
shaped. CVirbon oilers, therefore, a good illnstra- 
tion of (liinorpliism ; it erystullises in one set of 
solid shapes in the diamond, and in quite another 
set of forms in black-lead. 

Besidc^s these crystal lim^ varieties, the eleimnit 
carbon is capal)le of assuming conditions which, 
being absoluudy destitute of crystalline' characters, 
arc termed amor])Jwus. Charcoal, for ('xarnj)le, is 
an illustration of the perfectly amorphous condition 
of carbon. So, again, that kind of coal which is 
called anthracite* is practically a natural variety of 
carbon, yet it lu^^el• assumes d(*tinite geoiiu*ti*ical 
sha|His. Such exam})les serve to show that one and 
the same ('lernoutary form of matt(*r may exist in a 
varhdy of stat(*s, (*acli ofieidng a new set of physical 
properties. How diffi*rcuit tlu* diamond from the 
plumbago, or either of these from the anthracite 
and the charcoal ! This power of assuming a 
diversity of physical propi’rties, wliile rc'taining an 
id(mtity of cliemical constitution, has ocen dis- 
tinguished as allotrojytf — a term compounded of 
tluj two Gnjck woi’ds a/hs, aiiotliei’, and tntpifs, a 
manner or luodci. It is assumed that the change 
of properticis in the several allotropic modifications 
ef carbon must be d(*2)endent uj)OU variations in 
the Tpod(i in which the component partich^s of tlx* 
body are ai ranged ; that it is, in a word, a 
cular cliarge. It should be borne in mind that 
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while the ultimate particles of matter are tei ined 
afomu, the groups formed by the association of two 
or more atoms are calh^d by mod(u*n chemists 7ao/«- 
rnles. There are reasons for believing that in each 
distinct allotrope of cai’bon, the molecules assume in 
some way a diif(*.rent modc^ of arrangement. 

Up to this point our studies have led tc Ue 
conclusion that a pi(ice of black-lead represents an 
allotropic form of native carbon. Such being its 
nature, it is obvious that neither the scientific word 
“ plumbago, nor the more familiar black-l(*ad 
is an appropriate name. Mineralogists have then*- 
fore cast aside these*, inctal-suggesting words, and 
usually prefer to distingusli the mineral as fjraphite. 
Tliis word, which was originally introduced by tlx^ 
great Herman mineralogist, Werner, is deriv(*el 
fiom the Greek verb, grapho^ to write ; and is qeiite? 
unobjectionable, since it asserts nothing as to tlie 
composition of the substance, but inere^ly denotes 
its use as a writing material. 

This ap])lication of graphite^ as a writing medium 
depends upon ilie extJ'eme softness of the miix'ral. 
Even the gentle act of laibbiiig it upon paper, as in 
using a so-called lead-]>oncil, causes it to sufiei 
abrasion, so that a portion of the mineral is left 
behind in a Hix'ly-divided state, forming a “ streak/' 
which by its dark colour is distinctly visible. In 
like manner, the softn(*ss of graphite* causes it tc 
soil the fingiirs when handled. The same j>ro- 
perty has UmI to its use* as a lubricating age'iit 
for diminishing the friction betwe^on the axles 
of machineiy and the be*arings in which they i-i*- 
volve. 

JMinei-alogists are in the? habit of examining the 
“ streak of any substance* that falls under their 
imtice, iiiasnmch as it often affords a means of 
elistiiigiiishing one mineral from another. By the 
charai-tor of the streak is rc'ally meant the* colour o1 
tlx* miiu'.ral wheai in a state ul‘ powde*r, and this is 
far Trom being ne?cessarily the same as when 
in mass. The strc'ak may be observed either by 
sci-atcliing the niinea’al with asuhstance harder than 
itse'lf, and obse‘rving the nature e)f the abraded 
particle's, or by rubbing the mineral upon a piece- 
of iinghized ])orcelain, when a mark is left behind. 
In tlie case* of so soft a substance* as gi*a])liite, it is 
me*re]y ne?ce*ssary to rub it iij)Oii pa])e*r, wlieii we at 
once e)btain a dark shining stre*ak. Thei-e is a i-are^ 
mineral known as molyhdeuii^'^ which so clost‘lv 
resembles graphite as to be* reaelily mistake'll for it ; 
but when rubbed on paper it leaves a streak which, 
though much like the mark of a lead-])encil, lias a 
slightly greenish tint, and is sufilcieiitly distinct tc 
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serve as a means of discriminating between the two 
substances. 

Lead j^encils have b(‘come objects of sucii imfwrt- 
ance that the finest qualities of gi’aphite, suitable 
for their manufacture, have considerable commtircial 
value. The only locality in this countiy which has 
ever yielded j>eiicil-lead in sufficient quantity to be 
worked is at Bori’owdale, near Keswick, in the Lake 
District of Cumberhmd. According to tradition, 
the deposits were accidentally discovered after a 
great storm, which overturned an ash tree ami laid 
bare the shining mineral at its roots. Though it is 
not known when the mineral was fii*st worked, 
it was undoubtedly a sub- 
stance of value at least two 
centuries and a half ago ; for 
James I., in a grant 
of the manor of Bor- 
rowdale, includes ‘Hhe 
Wad Holes and Wad, 
commonly called black 
cavvke.” The word 
loaU is a local name for black-lead, but it should 
be (ixplaiiied that by miners elsewhere the term is 
now used to designate an ore of manganese ; it will 
also be observed that the giuphite is called, in the 
extract from the gi’ant ‘‘cawke,” a term which is 
now usually given to the rougher kinds of barytes. 

At Borrowdalc the graphite occurs in irregular 
lujisses called “ sops,’^ and in pipes and strings 
which branch out or die away with tantalising 
uucei-taiiity. Wad-mining ha^ thei*efore always 
been a v(*i’y hazardous adventure, and men have 
often been known to work for many years without 
lighting upon a large and rich nest of the mineral. 
One of the gnindest ]»riz(^s that ever fell to the lot 
of the Keswick miner was a large mass of choice 
graphite discovered in the early pari of this century, 
yielding about seventy tliousand ]x)unds of the 
miriei-al, and worth uj)wards of £100,000 sterling. 
A section of the workings at the Wad-mine is given 
in Fig. 2. 

Coarse graphit(% too gritty to be sawn into pieces 
for the pencil-maker, is often crushed to a fine 
powder, purified, and re-cem(?iited into a solid block 
by means of hydninlic ])ressure. Various foreign 
bodies — such as sul[)hur and antirnoiiy-ore — maybe 
mixed with the black-head, since they btdp to pro- 
duce a black mark upon j>a}>er, but the mark so 
made is not readily erased with india-riibl)er. 

As it is believe<l that the (hq)ositH of CumberlamI 
graphite are virtually exhausted, recourse has bemi 
had to a variety of other localities where the mimu'al 


is known to exist, yet it has mrely been found of 
such high quality as to equal the Keswick wad. 
Some years ago, some singularly fine specimens were 
obtained from Siberia by M. Alibert, a Frenchman, 
but the geographical position of the deposits unfor- 

tunately pre- 
ventixl the de- 
velopment of 
mining opcm- 
tions. A large 
( I uantity of graphite reaches 
this country from Ceylon, 
but tbougb of gi'eat purity, 
it is used chiefly for the 
manufactui'e of crucibles. 

Ill various metallurgical 
operations, it is necessary 
to employ higlily refractory 
l essels for the imrpose of 
melting metals. (Fig. 3.) Fire-clay is, of course, 
the material which forms tin* staple of these 
melting-}X)ts, but it is found that they are greatly 
improved by mixing with the clay a (j uantity of 
finely-divided plumbago. At first sight it may 
seem strange that a combustible substance like 
grajdiite can be used with advantage in the com- 
jiosition of vessels which art* (‘xposed to very high 
temperatures. Prac- 
tically, however, the 
black-lead in a well- 
made crucible is so 
thoroughly kneaded 
with the clay that 
each pariicle ap- 
pears to be pro- 
tected, by a coating 
of clay, from direct 
contact with th() at- 
mosphere ; and of 
course without air, 
or some other oxy- 
gen-supplying medium, it is iiuj)Ossible for even 
the most combn8ti]>l(* body to burn. Curiously 
enough, the chemist finds that the (.V‘ylon gi’ajdiite 
is really much purer than the Chimberland lead, 
yet it forms so indifrei-ent a material for pencils 
that it is consigned to the crucible-maker. Hence 
we may infer that the exc(q>tioiUil value of the 
Keswick lead for pencil-making depends ujx)n 
its softness and other physical properties rather 



Fig, 2.— Section of the Black-lead Mine at Borrowdale, in 
Cumberland. 



I'lvr. :i.— Plumbago Crucible. 
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than upon its being a chemically-pure form of 
carbon. 

It is to be regretted tliat the conditions under 
which graphite occurs in Cumberland have not 
served to throw much light upon the probable mode 
in which the mineral has been formed. At Bor- 
rowdale it occurs in association with certain igneous 
rocks, known to geologists as diorite and diabase — 
an association which has led, ]>erhaps rashly, to the 
inference? that a high temperature must needs have 
prevailed at the mom(?nt of its birth. Such a con- 
clusion is supposed to receive some support from 
the fact that crystallim? graphite is occasionally 
produced artificially in the process of iron- smelting. 
Cast-iron is capable of dissolving carbon, and if the 
molten metal has taken up more than it can retain 
when cold, the (‘xc(?ss of carl)on separates on the 
solidification of tlu? iron, in the form of crystalline? 
scales of graphite, which are^ known to the work- 
men under the curious name? of kish. Tn spite of 
the sugge\stive* rese?mblance? of kish to natural 
graphite, it is difficult to be^lieve that the ongin of 
the furnace- product throws much light upon that of 
the mineral. 

Another argument in favour of the production 
of graphite at an ele‘vate‘d tempei*ature has be?(?n 
drawn from what takes ]>lace in the nianufactnre 
of ordinary illuminating gas. During the distilla- 
tion of the coal, it is found that a deposit of dense 
carhoiiaceous matter gradually forms as a lining 
in the interior of the retorts, and from a distant 
revsemblance which this carbon bears to j)limibago, 
it has ofte?n been callexl (/as-f/r(fj)ft Ite. Such a deposit 
is formed by the? decomposition of some of the 
hydro carbonaceous vapours on contact with the 
hot walls of the retort ; whence it has been assumed 
that if similar vaj)e3Ui’s were naturally formed within 
the earth, and were decompejsed by coming in 
contact with the heated sieles of a volcanic fissure*, 
the?y would produce a substance identical with 
black-le?ael. 

By other chemists, again, it has been suggeste?d, 
on the ground of experiments made in the labo- 
ratory, that certain organic compounds, called 
cyanides, would certainly yield gi*aphitic carbon if 
de^composeel, under proper conditions, at a high 
tempe?rature. It may be doubted, however, whether 
any of these suggestions, ingenious as they are, is 
likely to scatter much light upon our path in seeking 
the actual conditions which have obtained in nature 
during the formation of the mineral. Indeed, the 
frequent occurrence of graphite in limestones, as in 
Canada, points in quite an opposite direction. For 


1& 

it appears to be chemically impossible that the free 
carbon and the carbonate of lime, or limestone, 
could exist in association at an elevated temperature 
without decomposition. 

A more hopeful quarter fi*om which light may 
fairly be expected is to b(? found in those chemical 
phenomena by which vegetable matter has been con- 
verted into carbonaceous substances, such as coal.* 
Anthracite, as already ex})lained, is a variety of 
coal consisting almost wholly of carbon, and it 
seems reasonable to suppose that if the process 
by which the anthracite has been formed from 
ordinary coal — whatev(?r that process may hav(? 
been — conld he carried a stage farther, it might 
yield a yet purer form of carbon, such as we find in 
gi'aphite. It has occasionally been observed that a 
dyke of igneous rock cutting through a seam of coal 
has so altered the material in its ii(?ighbonrhood 
as to j)rodiic(‘ a substance not unlike gi'aphite. 
Although the (‘xact mode of foriiiation of black-lead 
is an enigma which has not yet been satisfactorily 
solved, then? is nevertheless a strong belief among 
chemical geologists that in many cas(‘s it must 
represent one of the final terms iu the carbonisation 
of vegetable matter. 

But if we admit an organic origin for graphite, 
what are we to say when the mineralogist declai’es 
that he has found graphite in meteoric bodies ? 
Startling as the assertion Ls, there can be no ques- 
tion that a form of free carbon, closely resembling 
a piece of black-lead, is not unfrequently found as a 
constituent of meteorites. f Admit that our terres- 
trial gi-aphite is an altered product of v(*g(?table life, 
and you are almost diiven to conclude that the 
meteoric graphite represents the alteration of 
cek'stial organic matter. C'an it be possible that 
in looking at a pi(?ce of meteoric graidiite you have* 
before you a relic of the vegetable life of another 
world ? The idea is fascinating — so fascinating 
that it seems a pity it should be cruelly dashed to 
pieces by the chemist. Yet, to tell the truth, M. 
Daubree, a great authority on the* chemistry of 
meteorites, has exactly imitated this meteoric 
gi'aphite by decomposing the vapour of bisulphide 
of carbon wfith metallic iron at a high temperature ; 
and there are strong reasons for believing that we* 
liave here a rational explanation of the origin of 
the meteoric mineral. 

Still, it is by no means certain that an experiment 
made in the laboratory, and yi(?lding a certain re- 
sult, must ii(*eds he identical with the means used in 

* “Science fur All,” Vol. I., p. 84. 

t “ Science for AU,” Vol. p. 33. 
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the great laboratory of nature for attaining the 
same end. Nature is wealthy in resource, and it 
is likely — nav, certain — that more operations than 
one have in many cases b(^en brouglit into play to 
)>roduc(^ a i»articular I ind of mineral ; the same 
point luis been reached by several paths. Possibly, 
therefore, the graphite from tlie igneous i*ocks of 
C\imbi*rlaiid, and the gi*aphik‘ from the Laureiitiaii 
limestoiK'S of Canada, may have been forimnl by 
totally dilferent j)rocesses ; while the genesis of 
the meteoric graphite may have been altogether 


dilferent from either of the others. After all the ex- 
jMM'iments which have been made in the laboratory, 
after all the books which have been written on 
chemical geology, we are bound to confess with 
frank humility that neither chemist nor physicist, 
neither geologist nor mineralogist, has y(‘t succeeded 
perfectly in laying ban^ the secret workings of 
nature in giving birth to some of our commonest 
minerals. As to the origin of a piece of black- 
lead, it is certain tliat upon that subject Science has 
not yet said anything like its last word. 


INFUSIBLE ICE: THE BOUNDARIES OF THE LIQUID STATE OF MATTER. 

By Thomas Caknelley, D.Sr. (Loxn.), F.C.S., 
rrofcsmor of Cticmistry in UniversHy College, Dundee. 


A ll the various substances of which the earth's 
crust is conipos(‘d are capable of existing in 
three diflerent states — viz., solid, liquid, and gas. 
Although th(Te are some bodi(^s, such as carbon, 
which have never y(‘t been liquetied or vaporised, 
yet there, is no doubt that all substanc(‘s, without 
exception, will assunu^ these thr(»(' states when the 
necessary conditions are fullilled. 

liL the present pajKT we shall treat more 
especially of tln^ second or licjuid stat(* of matter, 
and ill particular, it will be our object to descrilK* 
th(‘ circumstances wliich condition thfi fornnation 
of a liquid from a solid on the one hand, and from 
a gas on the other ; or, in oth(*r words, to indicate 
th(»se conditions without which the liquid .state 
v ould be impossible. For the purpos<^ of illu.stra- 
tion, we shall confine ourselves almost .solely to the 
consideration of water, as it is the mo.st familiar 
example. 

AVlaai water is heated in an open ve.ssel under 
tlie ordinary pressure of the atmosphere, at a 
pressure (Ujual to 760 mm. incluis) of mercury, 
it boils at a temperature of 100° C. (212® 
Fahr.). If, howeviu*, the pr(?.ssure is other tlian 
that just naim*d, the water no longer boils at 
100° C. ; for w(^ find tliat the boiling-point falls 
lower and lower as we diminish the pressun^, 
whilst if w(* incr(‘ase the pressure th(* ]>oiling-point 
ri.se.s. An increas(‘d j>r(\ssur(*, therefore, prev(‘nts 
the water from boiling .so easily — i.e., it renders tlu! 
conv(Tsion of the liquid wat(ir inte gaseous steam 
more difficult ; whereas a diminution in pre.ssm*e 
facilitates this conversion. 

Aqueous vapour exerts an expansive force or 


tcuision, the amount of which increases with the 
temperature, but this is continually counteracted 
by th(‘ pres.sure of the overlying atinosphtTe. 
Tliere is in fact a continual .struggle going on at 
the surface' of any liquid freely ('xposed to tlui air, 
the opposing force's being the tension of the vapour 
of th(' liquid and the superincumb(‘nt pressure of 
the atmo.splu're. Now, as th(' jiressure of the 
atmosphere is not influencc^d by the temperatur-e of 
the lujuid, whilst the' expansive force of the ^'aJ)Our 
from the latter rajjidly increas(;s as the tenqx'rature 
rises, it follows tliat the two ojipo.sing foi’ces con- 
tinually becoiiu' morii and mort^ nearly balanced as 
tlie liquid iH^comes hotter and hotte'r, until they an^ 
exactly equal and tin' ten.sion of the vajiour is just 
on thti point of getting the upjxT hand. When 
this is th(^ eas(^ the liquid bt'gins to l>oil. The 
boiling-point of a liquid, theri'fore, marks the 
temperature at which the t-ension, or expansive 
force of its vapour, is (xjual to the superimminbent 
pre.s.sure of th(i atmosjihere in which the li(|uid is 
placed. We may, thei*(ifore, defines tlie boiling- 
point of a liquid as that tempiu’ature at which the 
t<uision of its vajiour is i*qual to the super- 
incumbent pres.surc'. This bimig the ca.s(i it is 
r(;adily seen why the boiling-point should rise or 
fall, Jiccording as the i)r(‘ssure is incnm.sed or 
diminished. For this rt^a.son water ]»oils more 
I’liadily as we asccuid a mountain ; so that at the 
top of Mont l^lanc, for example, it boils at a 
temperature so low that it does not get hot enough 
to cook potatoes. 

For a given pressure there always corresponds a. 
definite and fixed boiling-point. The following 
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table ropr(\seius boiling-points of Avaier corre- 
.sponding to a number of dilierent pn^ssures : — 


oiliuJT-point. 

Pressure. 

Boiliug-point. 

Presisure. 

^30^ C. 

•30 mm. 

80^ C. 

354 -6 mm 

— ‘iO 

•03 

100 

7G0- 

—10 

21 

120 

1,491- 

0 

4-G 

140 

2,718- 

+ 10 

9-2 

100 

4,G52- 

20 

17*4 

180 

7,540- 

30 

31-5 

200 

11,089- 

40 

oPO 

220 

17,390- 

o{) 

92-0 

240 

24,900- 

(10 

UH-H 

2G0 

32,700- 


If now, from such a table, we cojistruct a curve 
showing the relation betwet'n boiling-point and 
prcissun^, w(^ find that this cuiv(^ has the form 
repr(\s<mt(id in Fijr. 1. The curve is constructed 


by taking two lin(\s at right angh's, oin^ horizontal 
and the otluT vertical, and marking off on the 
horizontal lin(‘ the pr(*ssur(\s, and on the vertical 
line the corresj)onding boiling-points, and then 
))roducing from each of th(' corresponding points 
lines till (he lattiT nu^et. In this Avay a number 
of points ar(» obtained at which the intcTsections 
occur, and by joining all th(\s(^ points by a line we 
g(‘t tlui curv(^ in P^ig, 1, showing the rdation 
between boiling-point and pr(*ssure. 

This curA'e shoAvs that at its upper end (a) a A ery 
large increase in pressure makes only a slight 
increase in boiling-point, Avhih* at its loAver end (b) 
the reverse is the case, for there eAeii a minute 
a1t(^ration in the pressure makes a considerabh^ 
alt(Tation in the boiling-point. In other Avords, 
th(^ curv(‘ at its upper end becomes practically 
horizontal, and at its lower end almost vertical. 
Now, what do these* facts mean '? The fact that the 
curve at its upper end (a) becomes horizontal shoAvs 
that if the water be aboA^e a certain tem])erature 


(370° 0. or 698°F.), called its critical temperature, 
no increase of j)r(‘ssure, howfwer gi*eat, is ca})able of 
making any alteration in tlu^ boiling-point, or if wo 
]iaA^(^ steam above this b*mj>eratur(^ we cannot con- 
dense it to a li(iuid by prt'ssure, no matter hoAv gi*eat, 
Avh(?reas w(^ can do so ev(ui if tin*- temperature be 
})ut below this point. This same conclusiou 
was arrived at some years ago in another Avay by 
Dr. AndroAvs of Belfast, and, mor(* recently, by 
Mr. Hannay of Glasgow. 

The point, lioweA^er, to which attcuition is more 
esp(*cially directed is the lower end of tin; curve 
(b). Now, it has been found in the case of all 
substances which have Ixhui subject{‘d to expe^riment 
that if AV(? reduce tln^ pressures sufficiently the 
boiling-point ahvays falls below the melting-point ; 
in other Avords, tin; substance under these 
circumstanc(‘s boils before it melts — 
whihi it is still solid— passing o\er into 
the state of \^a})our without undergoing any 
preAnous fusion. ]f tliis be ti'ue, it Avould 
follow that if we nmiutaui tin* pressure 
below that Avhich corresponds to the boiling- 
point at the teini)eratnre at which the 
substance melts, it would not be possible 
to melt the substanci*, hoA\^(*v(‘r strongly it 
might Ik* heated; in fact, w(i might liaA^e 
ice in a r(‘d-hot a’(‘SS(* 1 and yet it would not 
melt, but rapidly sublime away into va]K)ur 
Avithout jiassing through tln^ intennediatc 
state of liquid. 

From AN hat has been said, it aauII be seen 
that there are, two conditions which must be fulfilled 
in order that any substance may exist in the liquid 
condition, viz. — 

(1) Tile fempprainro must be below a certain 
point, called the critical tewperatarc of the 
substance, otherANuse the subslanet* can only f‘xist 
in the state of a gas, Avhich no amount of pi*(*ssurt‘, 
hoAveA (‘r great, can liquefy. 

The reason Avhy so many chemists failed to 
liqut'fy hydrogen, oxygen, air, and tin* othei 
so-called p(*rman(*nt g/ises, though they employed 
('iiormous pressures, Avas Ix'cause they did not cool 
the gases Ixdow tlu'ir critical tenqieratures. Pictet 
and Gailletet, however, obtaiiu*d this nec(‘ssary 
condition, and so succeeded, towards the (*nd of 
1877, in making, independ(*ntly of one another, 
their brilliant discoA ery of the liquefaction of these 
gases. 

(2) The jfvessnre must be above a certain point 
called the critical pressure of the substancf*, otlier- 
Avise the solid substance* cannot be liquefied, hoAvever 
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great the heat a})pli(Ml, but is converted directly 
into the state of gas. 

Now let us ap})ly this last statement in the case 
of ice. If that stati'iiunit be true, we ought to tiiid 
it impossibh* to iiult ict' ev('ii with tlie strongest 
heat, if at the same time we take care to keep the 
pressure^ on tin* ice below its critical pressure. In 
order to sulmiit ice to this t(‘st the givat difficulty 
is to indintatH a sufficiently low pressur(‘, since the 
critical }>r('ssur(^ for ice is exee(‘dingly small — viz., 
(Mpial to I mm. (about oiie-lifth of an inch) of 
mercury. It would be easy (*nough to obtain so 
low a })ressurt‘ as this, but the difficulty is to heep 
it b(‘low this point in a vessd in which large 
A’olumes of steam are being evolved ; for it will lie 
(‘asily understood that if tin* ice be but slightly 
heated, the tjuantity of v apour given otf would soon 
l>e sufficient to raise the pressure beyond the 
critical pressure. This, however, can be dom^ by 
an arrangement involving the principle of Wol- 
laston's cryophorus. For this purpose, the vessel 
in which the ict^ is placed is couiu'cted w’ith a large 
chamlK‘r, called a condenser, 
wdiich is kept at a very low 
temperatun* (about - 18'"'C. 
or 0^’F.) by surrounding it 
with a freezing mixture of 
salt and ice. In this con- 
denser, the st(^am given off 
from tin* ic(‘ is condeiis(‘d by 
the great cold as fast as it 
is formed, so that it is j)re- 
veiited from exerting pres- 
sure, and thus the })ressuj*e 
on th(‘ ice is maintained 
})elow the critical pr(*ssure. 
Tlie details of the arrange- 
ment are shown in Fig. '1. 

A strong glass flask (a), holding about a (juart, 
acts as the condenser. It is j>rovided with a very 
tight-fitting cork, and glass tube (c ) passing through 
the cork, which is wdl fastened down by cop]H*r 
w ii-e and wax. c is connected with the end of the 
glass tube (d e) by a j)iec(‘ of stout india-rubber 
tubing, a thermomebu* (ii) having been previously 
attach(‘d, by the win* (x), to the lip of tlu^ tube at 
B. Th(* tub{* (de) is about 1 in. diameter and about 
4 ft. long. The botthi (a) and tube (d e) are com- 
])l(‘tely filled with mercury, the thumb plac(*d over 
th(* end of the tube at E, and the whoh* inverted 
over the ti’ough of mercury (f), as shown in the 
figures, so tliat tlie mouth of tin* tube dips below the 
surface of the mercury in f ; then on removing the 


thumb the mercury falls to the point 0 — Le.^ the 
ordinary height of the barometer. The mercury 
is then run out of A by tilting up the bottle and 
inclining the tube (d e). By this means a large 
Torricellian vacuum is obtained in a, and the upper 
pai*t (i) o) of the tube. The whole a])})aratus is in 
fact nothing more than a baromet(‘r with a large 
bulb at its upjxn- end, which is bent down through 
rath(»r mort* than a right angle. n e is next 
brought to the vertical, and the bottle (a) ])laced in 
th(‘ trough (p). All inverted tin bottle (u) without 
a bottom, is fitted with a cork, so that it may slide 
somew hat stiffiy along D E. 

To biigin with, the tin bottle (g) is placed in the 
position shown in tin* figure, and filhxl with a 
freezing mixture of salt and ice. Some water, 
previously boiled to expel dissolved air, is tlitni 
passed up tlu^ tube (be), sufficient to form a column 
at M, about 2 in. det*}>, the thermometer (ii) having 
be(‘n pre\'iously arranged so that its bulb might 
about 2 ill. above the surface of the water at Ai. 
The trough (p) is next tilled with a freezing mixture 
of salt and ict*, in order that any va]>oui‘ given off 
from the water at Ai may lx* condcuised in a as fast 
as it is formed, and thus the internal ])ressui*e can 
never exc(*ed about 1*0 to l-o mm. (y\, in.). Wh(*n 
A has Ixxni sufficiently cooled, which inquires about 
fifteen minutes, tin* tin vt‘ssel (g) is slid down the 
tube (i> e), and its ire(*ziiig mix tun* remov(‘d. The 
water at ai will then have* solidified to a mass of 
ice, Avhich, on heating with the flami* of a Bunsen's 
buriu‘r, melts either wholly or ])artially, and the 
liquid formed b(‘gins at once to boil, owing to the 
low pressure; so that here we have the water boiling 
cA en while a portion of it is still unim‘lt(*d. The 
fusion commences at the bottom of the column of 
ice, Avhereas tlu* u])per part only melts with diffi- 
culty, and re(T[uir(*s a very strong heat. 'The fusion 
of the ice in this case is du(* to the steam evolvcxl 
from the lower portions of the ice-column b(*iug 
imprisoned and unable to escape, and heiicx* ] pro- 
ducing ]pr(*ssure sufficient to cause fusion. WJien 
the gr(*ater paH of the ic(‘ at M has been melted, 
the laiiqp is remoA^ed, and tin* tube surrounding the 
Avat(‘r is tightly clasped by the hand, the* lieat of 
which, under the low pr(*ssure, is sufficient to pro- 
duce a somewhat viohuit ebullition. The liquid, in 
l)oiling, splashes up the. siiU* of the tube and on to 
th(^ bulb of the thermoiiu'ter, Avhere it freezes to a 
solid mass, as represenU^d in Fig. 3. If now the 
tube at the iioints indicated by the arrows be 
strongly heated by tlu^ flame of a Bunsem’s burm^r, 
the following phtmomena will be observed : — The 
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ice attached to the sides of the tube at first slightly 
fuses, because the steam evolved from the surface 
of th(} ice next the glass, being imprisoned bcitween 
the latter and the overlying strata of ice, cannot 
escape, and hence produces pressure sufiicnmt to 
cause fusion ; but as soon as a free passage has been 



Fig. 3.— Ice l emain- 
iug under the Ap- 
plication of Heat. 


made for the escape of the 
steam, fusion ceases, and the 
whole remains in the solid state, 
and neither the ice on the sides 
of the tube nor that on the bulb 
of the thermometer can be 
melted, however strongly it may 
be heatf'd. The ice merely vola- 
tilises without previous melting, 
because the steam being con- 
densed in A as fast as it is formed, 
the pressure never rises above 
the critical pressure. 

Th(^ chief conditions for tlu^ 


success of the experiment are : — 1. That the con- 
<lenser (a) is sufficiently large to maintain a good 
N'acuum ; 2. That the ice is not in too great mass, 
but arranged in thin layers ; 3. The passage to the 
condenser must lx*, kept open, so that the steam 
coming from all parts of the ice may hav(* a free vent. 

The above (‘xp(*riment sliows, then, that in order 
that ice may melt, it is necessary that tin* pressure 
.should b(^ more than a certain amount — i.e.y above 
its critical pressure. All that the heating do(^s is 
to make the ice pass away into steam without first 
forming liquid water, as is tin* case under ordinary 
circumstances. 


Th(! same remarks apply to other substances 
besid(*s ice, so that we cannot imdt tlKUii if w(^ 
keep the j)ressure below their r(‘sp(*ctive critical 
})ressur(^s. Tliis critical })r<*ssur(* is dilfiTcnt for 
diflerent sul)stances. To pnwent some bodies — 
such as cam])hor, mercuric chloride, iodine, ttc. — 
from melting it is only necessary to reduce the 
atmospheric pressun^ by a small amount, because 
the critical pressur(*s of these substances are 
not A'ery much less than the ordinary pr(*ssure of 
the atmosph(*re. This may lx* very easily shown 
ill th(i cas() of ordinary camphor as follows : — A 
glass tube about two fec^t long and one inch 
diamet(*r is closed at one (iiid, and about one 
quartt‘r of it filled with camphor. The other (uid 
of the tub(*, is then conn(*cted with an air-pump, 
and th(^ camphor heated with a lamp, when it melts 
and begins to boil. If, now, when the whole of the 
camphor is melted and (*bullition has fairly set in, 
the pump be worked, the pressure is reduced below 


the critical pressure of the camphor, and the latter 
instantly becomes solid, and this frequently with 
the first stroke of the pump, notwithstanding the 
camphor is being strongly heated during the whole 
of the operation. If the pump be continued work- 
ing, it is quite impossible to melt the camphor, no 
matter how great the heat applied. Jn making 
this experiment care must be taken to prevent 
the air- way being choked up by the condensation 
of the camphor-vapour. 

Many substances — such as metallic arsenic, white 
arsenic, ferric chlorkhj, <fec. — cannot be melted under 
ordinary circumstances, because the ordinary atmo- 
sj)h(*ric pressure is less than their critical pres- 
sures; but if the pressure be increased by artificial 
means, these otluirwise infusible substanci\s can be 
readily melted. 

Let us now return to the ice experiment. \V e 
have seen that if we keep the pressure below the 
critical ))res8ure for ice it is im{)ossible to melt the 
ice. But this theory of critical pressure, though it 
tells us that the ice cannot be melted on heating, 
gives us no information as to whether the ice under 
these circumstances remains at the freezing-point 
(all the heat ap]>lied being used to convert it into 
steam without raising its temperature), or whether 
it actually rises in temperature and becomes hot. 
This j>oint being of very great interest, many ex- 
j)eriments were made with the greatest care* in 
order to determine it. The r(*.sults of theses at 
first appeared to show that the. ice did become hot ; 
and such a conclusion, upset as it was afterwards 
by more pre?cise observations, ofl\u*s an instruc- 
tive examj)le of the pr(*caution necessary in ar- 
ranging critical experiments to determine matters 
of this kind, and in drawing conclusions from 
them. The thermometer, H (Figs. 2 and 3), was 
so arranged that its bulb was covered with ice, and 
in a number of different experiments, when the ice 
was strongly heated, the thermometer rose to tem- 
peratures in some cases as high as 180' C. (356°F.), 
or very much hotter than boiling water, and yet 
the ice did not melt, but had either been wholly 
converted into vapour, or had become detached 
from the bulb of the thermometer. To obtain 
these results it is necessary that a very strong heat 
be applied, otherwise it is all used up in convert- 
ing the ice into steam without raising its tempera- 
ture ; the heat must, in fact, it was said, be applied 
more quickly than it can be absorbed for changing 
the solid ice into gaseous steam. And this was 
supposed to be the reason why some experimenters 
were not able to get the thermometer to rise in 
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temperature when imbedded in the i(;e. Of course 
it was at once })erceived tliat though the ther- 
nioinettu* in tlie above experiments rises far above 
the oi’dinary melting-point for ice, yet it did not 
necessarily follow (hat the ice was really hot; for 
it might not actually touch tlie thermometer^ ex- 
cept at a few isolated points, being s('parated from 
the ice by a thin tilm of vapoui‘. The supposed 
hot ice wiis thereof ore. dropped, at Prof. Roscoe's 
suggestion, into a known weight of water at a 
known temperaturi^, and in various experiments 
which were made in this way (he water was dis- 
tinctly warmed, aj)pearing to show that the ice in 
ln)tli cas(‘s must have b(‘en above 8(P (170^ F.), 

for had it bt'en l(^ss than this it ought to have 
cooled the wat(‘r ; b(‘cau.se ic(^ in melting requires 
for its fusion as much heat as would be necessary 
to raise its own weight of water from to SO 0. 
(.12' to 176 F.). From the extent- to which the 
water was heated in oiui of the experiments, the 
temperature of the ice was even calculated to be 
122^0. (252 F.), or 22'^C. (40^ F.) hotter than 
boiling water. 


Nevertheless the conclusion apparently thus^ 
reached was ultimately reversed. Further and 
more pn^cise observations showed that the tem- 
j>erature never i-ose abL»ve 0'^ C. so long as th(^ bulb 
of the tlnirmomoter ixnnained completely covered 
with ice ; but tliat as soon as even a very small 
portion of tlie bulb became bare, the tcunperatunj 
began to rise, and ste?adily increased as the bulb 
became mon' and more (exposed. Thus it was 
provcid that the a]q>ar(‘iit rise in temperature in the 
earli(U‘ experiments, was due to direct radiation of 
heat from the hot tube to the bulb of the theiino- 
meter, but that the ice, though infusible, did not 
itself r(?ally rise in temperatures above zero. 

The main conclusion, however, has bcicn abso- 
lutely established, that und(T ih(' critical pressure 
tlie ice will not melt, however strongly heated, but 
passes directly into vapour. From such exjiei’i- 
mciits the furtluT general conclusion follows, that 
in an absolutely perfect vacuum the liquid state of 
matter would be impossible ; a conclusion which 
leads further to some very interesting reflections 
concerning the constitution of the unis tusc. 


BROWN SEA- WEED. 

Bv K. rEic(K\\L WuiOHT, M.A., aM.l)., 7M..S., 

I*r<>feft>or of Botanu in the Vnievrsili/ of Jhititm. 


T he name “wrec.'’ or sea- ware, lias Ijefui from 
rriiiotc tiiufs applied to the mariiK‘ sea weeds 
when tlirown rm shore Early charters made wrec the 
projMuty of indi\idual proprietors. Di*. Johnston 
t<*lls us of one of 122-^, which contirnied to the })ri<»r 
and coiiV(*iit f»f l)uihani certain rights. Among 
thesf^ was light tn gathei', use, oi* sell ‘‘the 

wrec.” In the o]»inion of some farmers a cart- 
load of gf>od Ware or wrec is at any season of 
th(‘ year (‘(jual to a load of farm-yard manure, but 
at the barley-sowing time it is woi’th double* ; and 
wan* barb *y was at one* tiim* much esteemed by 
bn*\\(*rs. Some of the brown sea- weeds at last 
came t/O be dist ingiiisla*el as tangle and wrack. Of 
the latter, tint following is a short account One 
of the* commonest sj>ecies of sea-wrack is known 
as F'frffs tlie “ bi’own bladeh'i-wraeh. ’ 

7'he genei’ic name, Fffrn.% wa,sgi\(*ii it by the great 
botanist, Liuna*us ; it is Latinised from tlie (4r(*(*k, 
j)/uico.% whicli means a sea-we(*d, and certainly, so 
t‘ar as the whole* nortli of Eurojx* is ( oneerned, 
there is no 8ea-w(*ed more g(*uerally known. The 


second, or s]»(*ciHc iiaiiK* (rf.dnflfisifs), was also giv(‘n 
to it by Linmeus, and has 7*(*fen*nce to tin* oval- 
shaped, b]a<hh*r-lik(* caviti(‘S or vesich‘S which arc 
found h(U‘e and then* throughout th<* surface* of the 
])lants, tilled with air — liow often, as childi*(*u, have* 
we* burst tliem ! Commoiily and wide*ly eli (fused as 
this se^r-wee*(l is, it is within ejuite i'e*ee*nt tinie*s eiiily 
tliat wo have* le*anit its whole life^ histe>ry. The 
story of this life* will serve" in givat na‘asun* feii* 
that of an (*iitin‘ se*etioii of the* so-calle^d edive*- 
coloureel alga*, and the*refore we must tn^at of it a 
little* in (i(*.tail. 

To cle‘ar the way btdVu-e* us somewhat, let it be* 

unde*rstooel that the* wdiole* structure* of this, as of 

any othe‘r se*a-vv e*(‘d, is built up of simpler e(*lls. 

Now a cell is a mass eif a se*mi-visciel or som(*tim(\s 

granular substauee* ealle*el jifofojdasmy* which is 
mostly surrouiiehnl by ame'inbrane* calleulthe Cfdl-malL 
Countle^ss numbers of tlu*se* c*.e‘lls, more or le*ss 
intimately united toge*th(!r, anel all nion^ or l("ss 
assuming tin- same* ge*neral form, constitute* the 
* “Science for All.” Vol. I., vv. 295, 21K>, 297, 378. 
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leaf-like expansion known as the tlmllome^ so 
that in proceeding to descrilie a fully-grown plant 
of the sea- wrack we will he desciihing the various 
peculiarities assuuKjd hy its thallome. In most 
woi*ks on British s(^a-weeds this thallome is known 
under the naiiK^ of froihd, and hy this name we 
shall, on account of its familiarity, continue to 
d(isignate it. 

Let us now imagine that we have a fiond of 
Fucus vesicnlosusheiiore us (Fig. 1). If living near 
a rocky part of our sea-coast, nothing is easier than 
to obtain specimens, and even if inland, this sea- 





Fig. 1. — Portion of Fucus vcaiculoms. 

weed is so commonly us(»d to pack lobsters, crabs, 
and oysters with, that no doubt morsels of it can 
easily be preen red. Jf th(‘ speciimn has ])een taken 
carefully otl‘ the rock on which it grew -not simply 
cut off — tlu^ part by which it was attached to tlu* 
rock will be found to be somewhat disc-sliaped. 
The c(ills hav(i lu‘r(» grown out into a tlatt(*ned or 
slightly - elevated mass, closely adherent, which 
serv(\s the purpose of rooting tlu* wlioh* fi*t i.d 
tirmly to tlu* rock on wliich it from tlu* tirst grt'w, 
tliough in ri^ality tlu* root-like ])art only st'rves as 
an anchor, and do(*s not, as in flowering ]dants, 
play an important part in the nutrition of the sea- 
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weed. From this root-like poi*tion the frond ariscis. 
The ajjpearanceand shape of this will vary immensely 
both in size and outline. 8pecim(*ns may be iiu*t 
with near high-water mark, and in muddy ground, 
not more than an inch in length, while others grow- 
ing near low-watei* mark, and on the sheltered side 
of some pier, may be found with fronds of upwards 
of thi’ee feet in length. The fronds will also vary 
quite as much in width, being sometimes not wider 
than the eighth of an inch, and soim‘times a full 
inch in width. They are flat, and Inu e a leather- 
like feel. They soon bt^come branched, these 
]>ranches being at first two in number, and each of 
these branching into two again. But whih^ this 
branching forms thus a s(*ries of twos, the bi-anch(\s 
an^ not always ecjual in size. Tlie edges of tlu* 
frond and its branclu^s are e\ en, like tlu^ edges of a 
hyacinth leaf, and along the central portion of both 
tluTc^ runs a thicker cord-like portion called the 
mid-rib. Here and there, but chi(‘fly in the upper 
]>ortions of the branches, intiatt^d bodies will be 
seen, mostly in pairs, and to the left and right 
of the mid-rib. If tlu^sc* in a fresh condition are 
press(^d between the finger and thumb, tlu*y will be 
found to ]je highly elastic, and if much pressure is 
us(kI they will burst. These an^ the air-bladders, 
which, from their very constant presence, give the 
name to the species. In siz(*, they vary in pro])or- 
tion to the diameter of the frond. The substanen^ 
of the frond is tough, and, while it will tear into 
strips, it cannot easily bebrok(*n across. Its colour 
is of a dark olive brown, which is of a light(*r hue 
in young specimens. 

8o far the appearance of this frond can lx* seen 
by the unassist(»d vision, ])ut if w(‘ wish for a more 
intimate* knowledge of its striu-turei we must make 



Fig. 2.— Cross Section of Frond of Fuenx rff^iridosuii 


a section through — let us say — the whole frond, 
right across tlu* centre of one of tlu* air-bladders. 
If we now take* a \e]y thin slice* (Fig. U) from this 
se‘ctie)n, one so thin that the light will have* no difli- 
culty in ^)e‘ne trating it, and e*xamine the* same with 
a low power of the micrexscope*, it will he found that 
the whole is formed e)f a system e)f colls, and that 
althemgh these are* all re'fe*rable to erne* type, yet tJiat 
here and there tlu*y prese'iit somewhat difle*rent foriiis, 
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and that their walls are of somewhat different 
consist-(uici(\s. Th(' outer portion wdll contain a 
aeries of cells one or two layers deep, with 
thickened walls, and tlu' outer walls of the outer 
layer will show a thin skin-like pellicle. This 
fic'ries we may call the rind layer. It is this 
we come in contact with if we pull the frond 
through our lingers, and it is this wliich gives to 
tlie toucli tlie slimy te(‘l wlicm the frond is quite, 
fi-esh. Within this layer, oilier cells of the sanu^ 
nature, hut with less dense cell-walls, are to he 
seen. Then we come to the larg(' emjity spaces, 
caused 1 >y the rapid growth of the suiTounding cells, 
and which foi-m tlie vesicles or air-hladders, and 
between these the mid-rih is found to contain cells of 
a peculiar sha]>e — long(T than broad- — running in 
many rows, mostly parallel to one another, but 
sound imes in.terlacing with one anotlnu*, and thus 
giving t(> the frond its wdl-knowm rigidity. These 
last-numtioned cells are better set ai, and tht'ir sha}>e 
is easier t(^ be undtTstood, if tlu^ section be inadt^ 
not transverse to the axis of the frond, but verti- 
cally ; then they will bt* seen to run like threads 
through the centre of th(‘ frond, and to be sur- 
rounded by the two oiit^T layers of cells above 
alluded to. The reddish-brown colouring mattta* 
(phycoiditeine) conct^als, as it wtTe, the leaf-gi*een 
colouring matter (chlorophyll), which, however, is 
always jiresent, and in very young sjieciinens may 
even bt' seen. 

So far we havt' b('<*n considering the barrtui 
frond : but this sea-wrack devtdopt'S organs, the 
functions of which can be coni])ared to those td’ the 
stamens and pistils on a tiow(‘riiig ]>lant.* Th(*se 
algie fronds, when ft*rtile, are eithta* male or 
female ; and their organs of fructiti cation juvsent 
much of intei'est. They are to be found crowdt'd 
around the summit of stnue of tht* branches (Fig. 1), 
and consist of little sydierical cavities jdunged, as it 
wej'e, in tht‘ rind laytu’ of tht'se portions of the 
fi'ond ; these ca\dties ai’e known as “ (ronceptach's,” 
and in our jdant thest* ct)ncej)tacl('s are on tht^ 
same fi'ond either all male t)r all female ; in both 
cases the cavities will oj)eu out by means of a j)or(*, 
from which will ultimately escayie tlie reproductive 
bodies. From Tuly to the* end of May, all along 
our southern shr>res, these conceptacles will ]m‘ 
found more or less d(‘velr)yKH] on most of the 
adult fronds. If we cut through a male con- 
ceydacle, and (*xamine it in tin* same way that w(* 
did tlie slice through tlje frond (Fig. 2), we find tlie 
hollow y)Oi*tion filled with a foivst of dedicate 

♦ “Science for All,^’ Vol. II., \k 215; Vol III., ]). 26. 


filaments, growing outwards from the cells fonning 
the floor and sidt^ walls of the cavity ; thesti filar 
ments arc* composed of cells, which elongate by a 
form of cell gi-owth called “apical c(dl growth,” 
and which also give rise to numerous side ccdls, 
Avhicli often grow into branch filaments after a like 
fashion. The cells composing these filanumts, thus 
enclosed within the male concejitach', are of two 
sorts. In th(' first the protoplasm (dtliei* adds to 
the filaimuit, or, as in tlie st'cond, tlu' j)rotoj)lasin 
divides itself into an immense numher of y)articles, 



which are each fui uished with two curious wliiji-likc^ 
]>odies (cilia), and wliirli y)artich‘S burst out tlirough 
the cell wall, and by m(‘ans of tludr cilia vibrate most 
ra])idly about. ]\! ultitudes of tlnun t*sca]>e together, 
and most of them makt* tlndr Avay to tlu‘ common 
pore oj* oy>ening above referred to --1lK‘S(‘ are the 
male organisms (Fig. d) ; these functionally are like 
till' polbui bodies in tb(‘ flowering jdants ; those 
can no nioi*(‘ grow up into litth* plants of S(^a-wrack 
than till* yudlen bodies of a cactus floAver could giAe 
of itself origin to cactus ydants. VVluit is tludr 
fate? We shall see in a monuuit ; but we must 
first descrilx^ tin* female conce]>tacb‘ (Fig. 4). 

In tludr geiuu-al sliayie and ayijx^ai’ance these 
ar(‘ A"<‘ry like the male coiiceyibicles, but on an 
t'xaminatioii of tludr contiuits, Ave find tlu' fori'st- 
likf‘ )nass of filaments somewhat h'ss branched — 
mor(‘ like rigid jointed bails —and tlu* c(dls with 
the dividing j>rotoplasm arc' now of j)roy>oiiionally 
much largcM* size ; besidcis, tlu'se cells never give 
origin to more* than edght daugbtc'r cells, whereas 
tlu' corre.syionding oiuis in tlu^ male conceyitacles 
giv(^ origin to quite* a swarm, and tlu^ daughter 
cells also are not furnislu‘d Avith locomotive cilia. 
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When these female organisms are expelled out of 
the por(^ ill the female coiiceptacle, paii^ly guided 
thereto by th(^ long hair-like filaiiieiits, they fall 
into th(i salt water, and if the reader lias follow'c^d 
the description so far, he will remember that at 
this moment, they are nothing but litth‘ globe-like 
bodies of soft protoplasm, which by thenis(dves 
would soon die ; but if in th(‘ir tii'st entrance into 
an independent life, th(»y meet with any, (‘ven one, 
of the bee-like swarm of male organisms which are 
rapidly flying aliout by means of tlu^ir whip-lash- 
lik(' bodies, these at once impinge' upon them, and 
the two functionally distinct masses of protoplasm 
mingle their substances ; the larger mass is 
fertilised by th(‘ smalh'r, and the product of tin* 
fertilisation subsiding on, or being borne to tin* 



nc^arest ro(*k, will soon be surrounded by a cell 
wall. N(‘xt this cell will divider into tw^o })ortioiLs : 
one, tilt' lowt'r, will attach itstdf to the rock, giving 
rise in tinit' to the disc-like root already descrilx'tl ; 
the other, the upper, will gi^ow up in time into tin' 
mid-rib part of the future frond, giving ofl' the flat 
wing-like portions as it grows. Thus, we lu're 
conn' back to the stage of our plant-lifti from which 
we started, and we can understand that how('V('r 
complicated its structure was, as we tried to examint' 
it in its full-grown form, wo traced that lift' back 
until we found it start out of two dif}tu*ently-sized 
and functionally distinct masses of protoplasm ; 
and these too alike in this, that they at one time 
formed part of tlui ^'ery protoplasm of the plant 
itself, but wert' eventually set free, so as to carry 


on the life not of the individual plant, but of the 
species of plant to which that individual belonged 
This foim of reproduction of the species may be 
called true reproduction (sexual), and the product 
thereof may be called a truci individual. In that 
large group of the brown sea- weeds to which our 
plant belongs no other form is known, and in this 
group we have several well-known genera and 
species, all of which will be found fully dt 'scribed 
in any woi*k on British sea-we('ds. 

Belonging to the same gc'iius as the species above 
described, is the serrated sea-wrack (Fffcfffi serrahis)) 
also very common, and c'asily distinguished froir 
the fornuii* liy the absence of air-caviti(‘s and 
by tht^ d(x'p toothing or serrations (serratus) of 
the edges of the fronds ; and tht^ conceptach'S 
arise mon^ on the flat surface of tin* tips of tin? 
fronds than in t('rniinal tufts, as in th(^ bladd(*r- 
wrack. This speci(‘S, too, is contined to the 
Atlantic coasts ^)f Europe, and does not, like F. 
resiculosfftfy extc'iid to the Pacitic nor into tin* 
M('diten-anean Si'a. The otlu'i* two British species 
of this- genus are more rarely to 1 k‘ met with. In 
Fuchs ccranokhs thei*e is a resemblances to F, 
vcsicu^losus, but the absence of tlu^ air-b‘ladd('rs 
will at once distinguish between tlu'sc^ two, whih* 
the edge of thc^ frond Ix'ing smooth will distinguish 
between it and F, serratns. It frequents land- 
locked bays and (‘stuaries, and seems to like a 
little admixture of river water with that of the 
sea. Th(^ tufts of conceptacles arisen in corymb- 
like massifs from tlu' lateral branclu's of the fronds, 
which are al)out half tlui width of tlic' harren 
branches. The malti and female cells arci to b(* 
found on different plants in these species. In 
Fiicits Mackaii the fronds are quite peculiar, being 
cylindrical, and not, lik(^ all the other spc'cies, flat, 
and tlu^sc^ grow in globular masses or tufts about 
the size of a human lu'ad, which seem not to be 
attached to rocks or stoiu's, but to anchor themselves 
among the mud or loose stones. The mass of 
conceptaele-bearing cavities form grape-like bunches 
which hang from tlie ('iids of some of tlui lateral 
branches. This species, wliich is found on the 
west coasts of Ireland and in Scotland, would well 
repay a thorough examination. Another pretty 
common spe^aes is known as the knotted sea-wi'ack 
{Ascop]it/Uum nodosum). This is put into a genus 
sepai’ate from the othi'rs for a n'ason, among 
othei-s, perhaps easily understood. There arc', as a 
rule, never more than eight daughter cells formed 
in each sporcvproducing cell of the female coii- 
ceptaclcs of the species already enumerated, but in 
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those of this giant fncoid only four are to be found. 
The root-like poitions of this species are often two 
inches in dianuter; the' fronds will sometimes 
grow to a length of live or six feet; the air-bladders 
will be oiK' to two inches long ; the edge of the 
frond is tootluid, but tln^ serrations are far between. 
From the axils of some of these spring the pear- 
shaped masses of conceptacle cavities — bright 
yellow when the spore masses are rij)e. This 
species is common on the Atlantic shores of 
Europe and America, and used to be largely 
burnt for the manufacture of kelp. Another 
interesting species is called Pelvetia (or Fuchs) 
^.amdiculata, which often is to be seen growing so 
far removed from low-water mark as to be (/iily 
within reach of the spray. Ihider such circum- 
stanc('s the little tufts look veu-y unlike a fucoid. 
It never s(*ems to care to venture its(df lower 
down than to be witliin tlie reacli of half tide. 
Thus it ha]>pens that on hot summer days th(^ 
fronds may be found apparently quite dried up 
and withered, and yet th(\s(* on the return of the 
tid(‘, or even by the s})lashing uj) of the salt spray, 
will soon lift uj) their heads and recover all their 
form(‘r freshness. Both sexes are to be found in 
the same conc(»ptacles. In Bijurcaria tnberrulatns 
the root'like portion is composed of branching 
fibres. The frond is thick, composed of round 
goose-quill-like branches. Like the last-mentiomd 
species it is hermaphrodite. 

In the genus Cystoseira, of which there are live 
British species, the fronds assume a bush-like 
form. Tliere is a thicki.sh stem — |)erennial — with 
more or h*ss numerous branches : the air-))ladders 
are oft(‘n arranged in rows, whence the name 
{kustii, a bladder, and s^im, a chain). The largest 
and finest s]>ecies is C. Jlbrosa^ one of the most 
l>eautiful is C. ericoides ; both are pretty common, 
so also is C\ granvlata, (\ discors is not so 
common, and the fifth sj>ecies, C. barbata, is 
probably not a native. In the Sea-thong {IJivian- 
tlmlia loreu)^ the portions of the frond which bear 
tin; conceptacle cavities are of annual growth, and 
the |H*rennial vegetative jK)rtions are reduced to 
litth* cujelike bodies well knowm to collectors. 
The male and female conceptacles are on different 
fronds, and the female mother-cells only give 
origin to one daughtc^r-cell, not to four, as 
represented in Profiissor Harvey's pretty plate.* 
In all these forms of fucoids it will be noticed 
that the air-bladders wlum j)resent are found 
immersed in the frond. But we must very 
* “ Phycologia Britannica,” Vol. I., Plate iv. 


briefly call attention to two genera included in 
the native flora, in which these are stalked, thus 
standing out like little floats. first of these, 

scarcely admitted by some into our flora^ is the 
genus Sargassum, to which the (lulf-weed (aS’. 
hacciferiuH) belongs. Its generic name is said to 
be derived from the 8i>anish sargazo, th(^ naim^ 
given to it by tln^ early navigators. Its air- 
bladders being like berries justify its specific name. 
A true native and the last species to be noticed is 
the 8ea oak (Jlalidrys sillquosn), a very handsome 
and not uncommon form. The air-bladders are not 
only stalked, but arranged in transverse ])artitioiis 
looking like pods, or the inflated 1 omenta of the 
radish. 

We hav(' thus enunuTated all the native sjvecies. 
This gi-oup of the st‘a-wi*acks, howi^ver, by no 
means contains all the algiewith a brown colouring 
matter in their cells. On the contraiy, the group 
stands out jis one quite singular in this, that it has 
but the form of reproduction above describ(‘d. 
Another form must be very shortly noticed. It is 
wh(*re th(^ contents of a cell or cells break up into 
a large number of cilia-bearing masses of proto- 
plasm, not unlike the male particlcNs (antluu’ozoids) 
already d(‘scribed, but differing from tin ‘in tuior- 
niously in function, inasmuch as each one of them 
can gi’ow up into a perfect frond. Thes(i tiny 
spores, thus endow(»d not only with life, but with a 
power of living and d(‘veloping unaided, are well 
called zoo-spores. There are no zoo-spor(^s in the 
fucoids, but they an; to be found in tlu* gr(‘at sea- 
tangles [LamhiW'ia), and in tlu* wonderfully com- 
mon EctocHrpi known to every 8ea-w(M;d collector as 
a genus of filmy silky brown -sea-wetds, to be found 
in ev(*ry rock-pool, and often gi'owing in tangled 
masses fi'om the fronds of the S(;a-wracks. In 
another section of brown weeds, which includes 
the very lovely peacock -tail algfe {i^idiua 
only to })e found veiy i*ar(‘ly on British shores, and 
the common Dictyota d.ichototHa^ th(;s(‘ zoo-spores 
have lost their powei- of locomotion, and being 
developed in the mother cells always four in nuinl)er 
an; called tetra-spores (four spor(;s). We have 
already seim a good deal of this last type in 
the account of a red sea-weed, f Th(;re are thus 
three sections of the }>rown sea-weeds : — 1, without 
zoo-spores (Azoosporea;) — the life history of this 
section we have studh^d as abov e ; 2, with zoo-spores 
(Zoosporepp) ; and 3, with teti aspores (Tetrasporete). 
The life history of these last is full of interest, 
and may be given hereafter. 

t “ A Hed Sea-weed : ” ‘'Science for All,” Vol. III., j). 319. 
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The fucoids are widely distributed throughout 
the cool wat(‘rs of all the oceans, diminishing sen- 
sibly ill the wann semi-tropical or tropical pai-ts. 
Ai’ound our own shori^s, wherever th(jse aie rocky, 
they like being alternately (3Xposed to the atmos- 
phere, and, covered by the sea, they thus fonn a most 
characteristic feature wlien the tide is out. From 
the toughness of their fronds, very few of tiui 
group of the fucoids will adhere to paper wh(‘n 
drying, and from this pciculiarity and their com- 
pai*atively large size they are not favourites with 
sea-weed collectors, by whom they are accordingly 


not gathered nor stored up like their beautiful 
green and red allies. They have n(‘vert}ieless a 
deeply interesting history of their own, and from 
an economic point of vi(‘w thc^y are worth all the 
others put togetlier, for they supj»ly manure to the 
farmer, and though more economic sourccss of 
supply have gone far to oust them from their 
former monopoly of yielding iodine, yet in Orkney, 
Shetland, the Western Islands of Scotland, and 
oth(‘r primitive parts of the coast “the dull 
w(^eds” still maintain an honoun^d place in the 
farmers’ and hshermeii’s domestic pharmacopeia. 


SUNSET, TWILIGHT, AND HALOS. 

By the late ItohEiiT James Mann, M.D., F.R.C.S., F.R.A.S., F.IM.S., etc. 


f^pHE globe-shaped earth is envelo})ed in an 
X inv(jstment of air, which extends for a long 
distance away from the solid sui*face upon which 
man dwells, out towards th(‘ far-stretching void of 
space,* so far, indeed, that it cabthes tlu^ rays of 
the sun uj)on its tojmiost lieights, and tln^re shines 
with the illuminating glare, when the radiaiit 
source of the light is itself plunged beneath the 
horizon of the place; where tin; observer stands. 

Those shining aerial heights are then, in this 
particular, like the summit of a mountain tipped 
with sunshine, whilst the valley at its base is still 
dark with the shadow of night. The air-summit, 
indeed, is so much higher in its stretch than the 
loftiest of the mountains that, as a matter of fact, 
it is basking in the light when their to])s are still 
cov(ired with gloom. The twilight, which is so 
familiar to eveiyone, is thus ])roperly the top of tin; 
air, tinged with the rays of the horizon-hidden sun. 
Small as the air-i)articles are in theii* isolated 
individualities, they neverth(d(*ss cluster round the 
earth, in such overwhelming abundance, and 
crowd behind each other in such densely serried 
ranks, that they shine through their depth under 
the far searching rays as an impenetrabh;, solid 
surface might do. The twilight may thus, in strict 
accuracy, be defined as the summit of the air 
illuminated by the direct beams of the rising or 
setting sun, and seen from the regions below, which 
are still covt;red by the sable shadow of the protu- 
berant earth. 

The heights of mountains can be calculatetl by 
skilful mathe-maticians, from the length of time 
♦ “ Science for All,” Vol. I., p. 327. 


which elapses after the first touching of their 
highest peaks by the beams of the sun, before the 
face of the luminaiy itself ris(‘s into light on 
the low grouml aground their base. The higher the 
peak, the longer the interval which thus intervenes. 
This is most easily understood from a consideration 
of th(‘ way in which the heights of the mountains in 



Pig. 1. — Showing how tlic Heights of the Mountains in 
the Mood are measured. 

the moon have been measiu’edby astronomers. All 
the chief mountains in the moon, Avhich can be seen 
from the earth by the help of a telesco2>e, havt^ had 
their heights ascertained in this way. The (merman 
observers Beer and Maedler liave calculated the 
heights of not less than out; thousand and ninety- 
five lunar mountains. As the fro)it edge of tlie 
sunshine swe(.‘})s on over the spherical surface of 
the moon, sparkling islands of light start up in the 
darkness, in advance of tlie boundary of th(; spi‘(;ad' 
ing illumination. These are all mouiiti tin -tops 
which liave caught the sunbeams before they ha\>^ 
reached the lower valleys round. The appt;araiico 
of th(;8e isolated specks of brilliant light, dotted out 
in front of the general field of sunshine a<lvancing 
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upon the face of the moon, is one of the most in- 
tei'esting of the spectacles which have been provided 
for human sight by the power of the telescope. 
The process by which the heiglits of the mountains 
are found, by measuring the distances of these 
shining spots from the boundary of the general 
illumination of tlie moon, is a simple application of 
one of the fundamental princi^jlcs of trigonometry, 
which may be in some measure uudei’stood by a 
consideration of the accompanying diagram (Fig. 1). 

If, ill this diagram, the circle be taken to 
represent the visible hemisphere of the moon, half 
in sunshine and half in shade, and about the period 
of the fourth quarter of the lunation, s A being the 
line along which the rays of light pass from the 
sun, A being the boundary of the illuminated 
portion, M being the top of a lofty mountain, 
which rises out of the shaded part, and just 
catches the sunshine as an isolated s^iot, and c 
being the position of the centre of the moon ; then 
a triangle is formed between c, m, and A, in which 
the line c a is the distance of th(‘ surface of the 
moon from its centre, or, approximately, 1,000 
miles. A M is the distance of the mountain top 
from the border-line of sunshine, a quantity which 
can be found in proportional parts of the diameter 
of the moon by direct observation ; and the line 
c M is the distance of the mountain top from the 
centre of the moon ; or, in other words, a radius of 
the moon (1,000 miles) with the height of the 
mountain added to it. In this triangle, the lengths 
of c A and A M being known, and the angle cam 
being necessarily a right angle, because the line 
A M is a tangent to the circumference of the sphere, 
the length of the side c m, which consists of the 
height of the mountain and the radius of the moon, 
can be easily calculated by the processes of trigo- 
nometry that deal with the well-known properties 
of triangles. The length, which is deduced as the 
measure of the sidc^ c M, is, in this case, exactly 
the height of the mountain added to the 1,000 
miles. By a similar jirocess the attempt has been 
made to ascertain the height of the outermost 
layers of the air. It is observ^ed how far the sun 
has to sink beneath the horizon before the topmost 
summit of the air is cut off from its rays. A 
competent authority, M. Bravais, som(>! years ago 
made a series of obsen^ations of this character from 
the top of the Faulhorn, a mountain over 8,800 
feet high, and standing between the Lake of 
Brienz and Grindelwald in Switzerland, and he 
concluded that the extreme upward range, or limit 
of the twilight, was placed 378,000 feet, or nearly 


seventy-one miles above the level of the sea. The 
problem, however, which this ingenious observer 
thus attempted to solve, is, in reality, of considerable 
complexity, and his results are therefore to be 
received with some reservation and caution. The 
twilight endures for different periods, at different 
times, even at fhe same place. The condition of 
the air very largely influences and modifies the 
after-sunset luminosity. In some states the air 
reflects light more readily and pertinaciously tlian 
at others, and therefore then appears luminous at 
greater elevations, and at longer distances from 
the eaHh. And, besides this, it must also be 
borne in mind that the air is at all times too rare 
towards its outer limit to be capable of sending 
back thence any luminous impression that can 
be distinguished by the eye. The atmosphere 
assuredly extends away from the eai*th far beyond 
any place at which twilight can be seen. It is, 
however, worthy of note that the conclusions drawn 
from the observations on the Faulhorn are, in a 
large measure, supported from an altogether 
difierent source. At the time of a lunar eclipse*, 
when the eai’th advances in between the sun and 
the moon, so as to cast its shadow ui>on the lunar 
face, it necessarily pushes its atmospheric invest- 
ment before it, and tliis causes a gradual shading 
off of the deep shadow towards its outer edge 
From a close scrutiny of the breadth and aspect of 
this softened and gmduated shadow, astronomers 
have inferred that the denser part of the atmos- 
jihere, or the portion of it which is capable of 
producing a material and perceptible effect upon 
the passage of light, must extend, at any rate, 
240,000 feet, orforiy-five miles, away from the surface 
of the earth, a difference from the estimatti formed 
from the duration of twilight not at all more than 
the discrepancy which is obviously incident to the 
difficulty of fixing the exact termination of either 
a faint glare or a faint shadow. Both series of 
observations are quite compatible with the now 
generally accepted notion that the atmosphere of 
the earth in reality extends considerably more 
than fifty miles from its surface*. 

The exact definition of twilight is not, however, 
an altogether settled matter. It was at one time 
conceived that twilight lasted until the sun was 
eighteen degrees below the horizon, and then ceased. 
As a matter of fact, this is an altogether unsatis- 
factory and illusory conception. There is some- 
times a very bright twilight long after the sun has 
reached this depression, and at other times there is 
absolute darkness considerably before. Alexander 
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von Humboldt found that the duration of twilight 
was restricted to a very few minutes in the inter- 
tropical regions of South America. It endures a 
.quarter-of-an-hour at Chili, and half-an-hour upon 
the slopes of the Eastern Alps. When the air is 
heavily laden with vapour, or with paiticles of 
snow, there is occasionally strong twilight until the 
•sun is quite 30*^ below the horizon. The common 
rule-of-thumb test for the duration of twilight is 
the ability to perceive ordinary objects in the open 
4iir. The astronomer’s estimate is based upon a 
more exact, and, therefore, more serviceable indica- 
tion. The twilight is conceived by it to be at an 
end, the instant a sixth magnitude star can be seen 
twinkling in the sky high overhead. This, upon 
the whole, is perhaps as good and practical a 
standard as can be adopted. 

But the twilight is not the only visible manifes- 
tation which this subtle aerial investment deigns 
to make to the eyes of man. E^ en during the 
presence of the suii above the horizon the air can 
be seen; the blue sky, which niveals itself as the 
hemispherical vault of the firmament in the absence 
•of clouds, is the far depths of the air seialing back 
to the observer some part of the solar illumination 
which they receive. The light thus returned to 
the eye is blue, simply because the particles of the 
;iir are of such (exceedingly diminutive size that 
they can eflfectively deal with only the smallest of 
the luminous vibrations — that is, wdth the blu() 
undulations. There are some faint and subordinate 
iiiterminglings of the other coloured rays in the 
blue of the sky, but th(?y are in such trifling 
(juantity compared with the blue that they are 
practically swallowed up and lost in its superior 
abundance. They can only bo detected in tln^ 
preponderant flood of blue, and rendered sensible 
to the eye, by the subtle processes with which exact 
science and skilful manipulators are competent to 
deal. It was at one time believed that the blueimss 
of the sky was due to the passage inwards of blue 
rays through the atmosphere, from which mys their 
yellow and red associates had been filtered oft‘, and 
held back by the air jairticles during the passage. 
This view, however, is attended by the imj)ortant 
difficulty that the light under such circumstances 
must be conceiv('d to be issuing from the dark 
regions of space wnich have no ray-emitting power. 
The efiect, obviously, must be due to the reflection 
of light that has emanated from the sun. Dr. 
Tyndall alludes to this view of the case? very 
forcibly. He remarks, in a lucid discussion of this 
question, Proofs of the most cogent description 


could be adduced to show that the light of the firma- 
ment is reflected light. Tlie light of the firmament 
comes to us across the direction of the solar rays, 
and this lateral and opposing rush of wave-motion 
can only Ije due to the rebound of the waves from the 
air itself, or from something suspended in the air. 
The solar light, moreover, is not reflected by the sky 
ill the proportions which produce white. The sky is 
blue, which indicates an excess of the smaller waves. 

But it so happens that there is one special and 
quite indisputable test to which this view of the 
cause of the blueness of the sky can be refeiTed, 
and by which it is efiectually confirmed. In the 
peculiar condition of light in which it is teclinically 
sj)oken of as “polarised,” the ordinary vilimtioiis 
of the rays are so modified as to limit their vibratory 
play to two transverse directions dia-meti ically 
crossing each other. By appropriate management 
tli(^ undulations in either one of these directions 
can be quenched without at the same time ari-ost- 
ing those which vibrate the opposite} way. This 
condition is brought about in light whenever it is 
reflected from a surface of glass, at an angle of 
56 or 57 degrees, t and it is then indicated, as 
present, by the circumstance that the ray a)>])ears 
to have acquired the properti(}s of sides, by two of 
which it can, and by other two of which it cannot 
be reflected a second time. If the ray in this 
polarised state be examined by a j)risni of glass, 
or of ti'ansjiarent crystal, cut and mounted in a 
j)articular way familiar to opticians, it is found 
that the light is alternatcdy quenched and remiwed, 
as the prism is timied upon its(}lf, at (}ach (juarter 
of . a r(}volution, whilst unj solarised rays are 
transmitted through the prism in whatever position 
it may be placed. ^ Now wlien the Idue liglit of 
the sky is examined by one of th(^se analysing 
])risms, as they are termcid, it is found that, at a 
distance of about ninety degrees of the heinisph(}rical 
vault from the sun, it is alteimately quenched 
and renewed, as the prism is turned. The blue 
light from that j)orti(ni of the sky therefore is 
polarised, and consequently is light that h'(s hmn 
Q'efleHecI^ from something or other. But in the 
circumsta-nces of the case, there is nothing that can 
so act upon it, but the thickly clustering particles 
of the air. It is only, how(}ver, the light which 
comes from cme parficular part of the sky that is 
afleeted in this way, because it is only from that 

* “lectures on Light,” p. 152. 

t The exact angle for polarisation with glass is 5G'^45'. 

J “ Science for All,” Vol. II., p. 353. 

§ The angle for polarisation by reflection for air is 45^. 
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part that is reflected to the eye at the angle 
necessary for the establisliment of the four-sided 
susceptibility. The relative }X)sitions of the sun, 
of the reflecting air-particles, and of the observer’s 
eye, are then such that from that imrticular part the 
requisite angle is brought into play. But from all 
other points of the sky the reflection to the eye is 
by a difierent angle, and there is no polarisation. 
Since, however, the blue light from one part of the 
sky is polarised by reflection, and since the blueness 
is so exactly the same over all parts of the sky, it 
may fairly be inferred that the blue sheen of the 
sky is everywhere due to reflected light. In other 
woi’ds, the observation that the light from the sky 
is polarised at one part virtually confirms the 
assumption that the blue sky is light reflected 
from the thickly clustering air-particles which float 
round the earth, and which stretch out so far from 
it into s])ace. 

The gorgeous coloui’s of the clouds, which 
occasionally present so beautiful a sjiectacle before 
sunrise and afU^r sunset, depend mainly ui)on the 
circumstance that the aqueous particles which they 
contain are of such large size, in compaioson with 
the dimensions of the undulations of light, as to 
enable them to reflect all the colour-constituents 
alike — the largest as >vell as the smallest — the 
coai'se oscillations of the iW and yellow, as well 
as the exquisitely delicate vibrations of the blue. 
As the sun sinks towards the horizon, and as the 
aerial distance increases, through which the rays 
have to jmss, more air-particles of necessity lie in 
their path, and more and more of the less refran- 
gible coloured mys are arrested with the 
augmenting length of the track ; first the blue, 
then the green, afterwards the yellow, and finally 
the orange and red. Consequently, although the 
light reflected from the sky at noon comprises only 
the weak azure vibrations, that which is reflected 
from the vapours and clouds after sunset, may 
consist chiefly of the crimson mys which have made 
their way up through the long air-track, and which 
are thence thrown back to the eye. Professor 
Briicke has, indeed, constructed an artificial blue 
sky, ))y dropping a spirituous solution of resin into 
water until the liquid becomes turlud and milky. 
When a black board is placed behind the glass 
containing this turbid solution, and the light is 
allowed to fall upon the liquid obliquely from 
above, it assumes the aspect of a clear blue sky. 
Professor Helmholtz very unpoetically, and almost 
irreverently, speaks of a blue eye as simply an 
eye with turbid humours. Professor Tyndall has 


followed up this interesting branch of investiga- 
tion, by showing that an artificial blue sky can also 
be produced by throwing a strong beam of electric 
light upon certain kinds of gas contained in long 
glass tubes. The eflfect, he conceives, to be in some 
measure dependent upon the decomposition of the 
gas tlirough the agency of the light. One portion 
of the gas is suddenly precipitated in the condition 
of a delicate cloud, capable of catching and turning 
back the blue vibrations. In some modifications 
of the experiments, the attenuated vapour makes 
its first appearance in an exquisitely delicate form. 
The light reflected from these artificially-constructed 
blue clouds, is always i)olarised where it is thrown 
ofl' at an angle of 90® from the course by which it 
has fallen upon the I'eflecting particles. The most 
perfect polarisation always occurs in the direction 
that is perpendicular to the jmth of the illumina 
ting beam. The efiect gradually grows weaker,, 
and ultimately fades away, as this peri)endicularity 
is departed from. The polarisation of the sky is 
most distinctly develojjed in one particular track of 
the blue vault, and fades gradually away as the 
neighV)Ouring regions are brought successively under 
examination. 

Tlie gorgeous colours of the sunset-clouds ant 
thus due to the circumstance that the yellow and 
red mys of light have more penetrative momentum 
than the blue. They make their way through 
stretches of the atmosphere which entirely arrest 
and turn back the blue, and they do this the more 
es[)ecially if the air is laden at the time with 
extraneous particles that augment the aerial 
opacity. When the sun is below the horizon, and 
streaks, or layers of clouds are hanging alx)ve it iii 
the atmosphere, at heights w^hich still enable them 
to n^ceive illumination from the bright luminary, 
the led and yellow rays struggle on through the 
air as far as these clouds, dropping their blue 
assoc iat(?s by the way, and thus paint their fleecy 
surfaces with red and yellow-tinted light. The 
colours, that so commonly ajipear towards the 
eastern side of the sky after suns€*t, ai’e virtually 
reflections of a secondary kind, shot off from the 
cloud-surfaces ufion which they have first fallen, so 
that they ultimately strike upon other clouds in 
remote parts of the firmament, and are from them 
returned to the eye. There is also a secondary 
or eastern twilight, of a quite analogous nature, 
which faintly illuminates the remote side of the 
sky after sunset, and which is simply the glancing 
of the twilight of the west off* towards the east, 
from the air-particles that catch the rays in the 
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first instance. The rosy light, which tinges so 
beautifully the summits of lofty siiow-clad moun- 
tains, in Alpine regions, before sunrise and after 
sunset, is of the same nature as that which is seen 
in the clouds ; the only 8i)ecial circumstance in the 
case is that it is a snow-covered mountain, instead 
of a fleecy cloud, which stands in the path of the 
penetrating red rays, that are making their way up 
from the sun. This roseate after-glow is very 
exquisitely exhibited by the Jungfrau, when it is 


This pale ghost of the afterglow is, no doubt a 
mere effect of contrast. The white surfaces of the 
mountain, which had almost faded out of sight, are 
able again to rouse a visual impression in the eye 
when the retina has acquired renewed sensibility 
from the repose furnished by the darkness around. 
M. T. N. de Saussure adopts this explanation of the 
very striking and beautiful appearance to which 
allusion is here made, but he remarks that the pale 
apparition thus following the afterglow is not itself 



2.— The Jukofrau beef thbovoh the moutb of the LCtbchins Valley fbom Ivteklaeeh. 


contemplated from Interlaken through the open- 
ing of the Liitschine valley, or from the mountain 
slopes that look down upon the sides of that gorge. 
The broad-based cone, with its lateral horns, or 
peaks, of Silver and Snow* above, and v^th its ample 
drapery of glaciers below, is suddenly covered in 
the deepening twilight with the crimson hue of the 
rose, and this then gradually and slowly fades until 
the whole has almost vanished into the darkness, 
when all at once the forai of the mountain again 
starts out into distinct visibility, but with a weird 
and ghostly instead of a rosy light (Fig. 2). 

* The Silberhom and Sohneehom. 

197 


always destitute of colour. He says, “ The white 
peaks of the Alps being first projected on an illu- 
minated sky, and then on the shades of the earth, 
appear to be again coloured, although their white- 
ness remains the same.*^ 

M. Bravais, uj>on one favourable opportunity, 
was fortunate enough to secure from the summit of 
the Faulhorn, a prolonged series of observations of 
the way in which the several colours present them- 
selves in succession in serene mornings during the 
approach of sunrise. The first tinge of colour 
ap|)eared towards the east, in the form of a reddish 
or orange-coloured band, while the sun was still 12 
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degrees below the horizon. This became fringed 
above with yellow when the sun was only ten 
degrees below. When it was within eight degrees 
of the horizon, a greenish band was added above 
the yellow, and a blue tint then extended quite to 
the upper limit of the twilight. With the sun only 
four degrees f l om tlie horizon, deep purple, appeared 
above the green, and the blue towards the zenith 
was also strongly tinged with green. At the same 
time a purple and reddish light began to reveal itself 
above the western horizon. When the sun was 
within two degrees of rising, there was a deep band 
of red light in the west, fringed with violet or 
purple above, and with the sky strongly tinted 
with green towards the zenith. When the solar 
disc just appeared above the horizon, its disc wjis of 
a yellow or orange-coloured hue, and invested with 
a glow of the same tints extending over the lower 
jjart of the sky. All ruddiness disapf)eared when 
tlie sun was two degrees, or four times its own 
breadth, above the horizon, but the yellow light was 
still pronounced, and passing into blue and green 
above. The last ti-ace of colour faded away through 
green, when the sun was six degrees above the 
horizon. As a general rule the ruddy tints dis- 
appeared, and the green tints w(^re in their strongest 
ascendancy as soon as the sun’s disc ])resented itself 
above the horizon. Professor Kaemtz, the well- 
known meteorologist of Halle, considei's that the 
green tint in such circumstances is due to the blend- 
ing of the ordinary blue light of the sky with the 
yellow rays incident to the sunrise, and he considers 
that this view of the Ciise will account for the 
notorious circumstance that the recently risen or 
nearly setting sun is never green. The weak blue 
lays are Rtopj>ed off when the direct sunshine is 
passing through the dense and possibly vajx)ur-laden 
layers of the atmosphere. But whenever it is one 
j)ortion only of the chromatic constituents of the 
light that is thus filtered off, tlje strong yellow and 
orange rays are the residual parts that make their 
way througli. 

When, with an othei’wise unclouded blue sky, 
the western horizon assumes a ]»urple tint after 
sunset, this almost cei*tainly gives promise of the 
prevalence of fine weather. When, after rain, the 
clouds are strongly tinted with ruddy light, the 
augury is of a like good character. A whitish- 
yellow glare, ensuing after the setting of a brilliant 
white sun, is almost ceriainly followed by rain. 
Deep ruddy tints over the eastern horizon before 
sunrise most generally indicate the approach of 
rain, whilst a grey and colourless eastern sky 


before sunrise gives promise of fine weather. The 
reason for this apparent anomaly simply is that 
the ruddy light is for the most part caught in the 
evening by high cirrus clouds, which are the clouds 
of a dry atmosphere, and in the morning by dense 
stratus clouds, which are connected with the 
increasing precipitation of aqueous vapour. When 
there is enough vapour in the air in the early 
morning to furnish red clouds, it is almost certain 
that denser clouds will gather with the advance of 
day. 

Complete circles of faintly-coloured light are 
sometimes formed round the moon on nights 
when the sky is thinly veiled with haze. The 
iridescent rings in such circumstances are familiarly 
s})oken of as lunar glories, or halos. In its 
most characteristic and complete state the circle 
has a diameter of 45® of the celestial sphere 
— that is, it is a ring-shaped band of light 
concentric with the moon’s face, and just forty- 
five times that luminary’s own breadth away from 
it.^ The colour is genemlly very subdued, but it 



Fig. 3. — A L'jiiar Hulo. 


is occasionally so well pronounced as to render the 
hah> liable to be mistaken by unpractised observers 
for a lunar rainbow (Fig. 3). The distinction is, 
nevertheless, absolute and clear. The halo encircles 
the moon, and therefore appeal's on the same side of 
the sky, whereas the rainbow of necessity presents 
itself on the side of the sky which is opposite to 
the moon. The observer stands with his face to 
* Tlie moon has an apparent diameter of half a degree. 
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the moon whilst looking at a halo, but must have 
his back to the moon whilst he is contemplating 
a rainbow. Circles of a similar character are 
occasionally formed round the sun, and they are 
not as easily observed on account of the over- 
whelming glare of the solar light. Whenever the 
colour is well developed it is found that there is a 
red tint at that edge of the luminous band which is 
nearest to the moon or sun, and a blue one at the 
opposite margin. The halo thus jiroduced round 
the moon or sun is due to the influence of minute 
prism-shaped crystals of ice, floating in great 
abundance in the higher regions of the air. There 
are few readers of these pages who are not aware 
that if a sunbeam is allowed to fall upon a three- 
sided bar, or prism of glass, it is bent out of its 
original course as it passes through the prism, and, 
at the same time, broken uj) into a diverging sheaf 
of coloured rays.* The ice-])risms, which float 
suspended in the upper regions of the atmosphere, 
exert a similar influence upon the light that passes 
amongst them. 

When an observer is looking at a halo encircling 
the moon, in order to understand what is taking 
place, he must endeavour to conceive that, at the 
distance of 23 deg. from the apparent position of the 
moon, the ice-prisms stand in such a relation to the 
light which is thrown off to them f»‘om the shining 
surface of the luminary, as to bend down towards 
the eye a comparatively large proportion of the 
rays. A very considerable number of the ice-prisms, 
which happen to lie at that precise distance, are so 
ranged as to conspire to throw the luminous beams 
towards the eye, rather than in any other direction ; 
and, as this takes place at the same distance all 
round the moon, the luminous band appears as a 
ring. The ice-crystals are scattered in the air in 
all conceivable positions. But, in consequence of 
the particular form of the crystals and of the special 
power of that form over the vibrations of light, 
only those which occupy the specified distance and 
range deal with the )*ays in this way. The reason 
for this result is, perhaps, one which can hardly be 
ex{)lained satisfactorily in familiar and unmathe- 
matical language, but it is connected with the 
circumstance that, in certain specific positions, 
the movement of a prism exerts less bending upon 
transmitted rays than it does in othei*s. That such 
is the case may be experimentally proved if a prism 
of glass is turned round upon itself, when a sun- 
beam is falling upon it. The divergence of the 
beam from its original course is then seen to alter 
* “Science for All,” Vol. I., p. 1^2. 


with the revolution of the prism, but, in one 
particular position, it takes more turning of the 
prism to produce any given amount of deviation. 
A great number of the ice-prisms that are placed 
where the halo apj^ears in the sky, are in that 
position, on account of the relation in which they 
stand to the moon and the eye, and conspire to 
produce the luminous band. The size of the circle 
of the lialo is determined by the fact that the 
emergent light issues from the terminal face of each 
prism at a fixed, definite angle. The halo most 
commonly seen has, as has been already said, an 
apparent diameter of 45^. But halos of rather 
more than twice this diameter are occasionally 
produced. In such circumstances the light is more 
faint, and it is almost always devoid of colour. In 
these instances the light issues from the prisms at 
an angle of 46^' of deviation from its original 
course, and this larger deviation appears to be due 
to the rays being emitted from the ends of the 
prisms lather than from their sides, and where the 
end and side meet each other perpendicularly. 

The so-called “ coronas of coloured light, which 
are at times formed about the moon and sun, are 
of a quite difierent character to halos (Fig. 4). In 
the first place they are of a much smaller size. They 
are, for the most pari, not more than four times 
the breadth of the luminary, away from its rim. 
Their apparent diameters are comprised within a 
range of from two to four degrees. 



Fig, 4 . — A Corona round the Sun. 


They are also distinguished from the halos by a 
yet more definite mark. The order of the succes- 
sion of colours is reversed. The red presents itself 
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at the outer border of the circle, and the blue at 
the inner lim, which is the ruddy side in the halo. 
The corona in reality is the offspring of mist 
rather than of frost ; it is generated by the aqueous 
vapour floating in the air between the sun or moon 
and the observer. It is of the same order of appear- 
ances as the coloured rings produced upon the 
windows of carriages, bedewed with moisture, when 
bright lights are looked at through them. A similar 
circle of iridescence can, at any time, be artificially 
caused to present itself fay contemplating the flame 
of a lamp, or candle, through a piece of plate-glass 
upon which the minute spherical 8{K)res of club- 
moss have been dusted, or fay looking at the bulb 
of a mercurial thermometer shining brightly in the 
sun, through a narrow slit cut in stiff pa]>er by the 
point of a |>enknifa 

The colours exhibited in the corona are of 
the same nature as the phenomena known to 
opticians as “diffraction fringes.” They are 
caused by interferences set up amongst the 
constituent vibrations of the light-beu,ms as these 
glance ]mst the spherules of mist. They are 
physically allied to the iridescence produced upon 
pearl buttons by the striae of their surface, or by 
lines traced very closely together upon glass by the 
diamond, and to the coloured bands which are often 
noticed upon windows soiled with smoke and dust. 

Coronal rings are less frequently observed about 
the sun than they are about the moon. But this 
is only because they are more easily overlooked 
when they occur in the midst of the glare of bright 
sunshine than they are in soft moonlight. Tliey 
may be very commonly detected in connection 
with the sun, if the eye is screened from the over- 
poweiing glare by darkly-coloured or smoked glass. 
At times two, or even three, circular bands may 
be seen sun-ounding each other, and the second 
and third circles are then at the same distance 
from each other, and from the first, that the first 
is from the sun. Professor Kaemtz has given an 
account of one very remarkable case in which as 
many as eight concentric circles were formed, the 
first three being blue, white, and red, and those 


which followed in the outward order of succession 
being purple, blue, green, yellow, and red, thus 
obviously constituting a second series, as tiie 
transition in the same direction was again from 
blue towards red. When a corona is visible round 
the sun, its colours are more brilliantly developed 
than they are in connection with the moon. The 
head of the Spectre of the Brocken, which is merely 
the shadow of a human figure cast upon mist,^ is 
sometimes surrounded with a circular glory of 
coloured light This, in such circumstances, is 
simply the chromatic fringe developed by diffraction 
at the margin of the dark shadow. The so-called 
“ Fog-image ”t of the Rigi Kulm, and of other 
elevated parts of the Swiss mountains, is essentially 
of the same nature. 

Halos invariably occur in some form of cirrus, 
which is properly the ice-cloud. The coronas, on 
the other hand, as commonly present themselves in 
the cumulus variety of cloud ; but all clouds, 
excepting the ice-clouds, are capable of producing 
them, provided they are not too dense to permit 
the passage of red light. Lunar halos, as a rule, 
present themselves when the barometer is falling, 
and when the cirrus cloud is thickening into 
cirro-stratus ; they are, therefore, correctly regarded 
as harbingers of rain. The corona is not so much 
a weather sign in itself as the halo, but it becomes 
so in the changes which it is liable to undergo after 
its first formation. The circle is of a less diameter 
when the mist-spherules are large than it is when 
they are small. The corona consequently contracts 
gradually in breadth as the deposition of moisture 
becomes more copious. A contracting corona hence 
indicates the api)roach of rain, whilst an enlarging 
corona, on the other hand, gives promise of fine 
weather. Coronas round the sun are, however, 
scarcely as significant of changes in the weather as 
those which apj)ear about the moon, because they 
are liable to be produced in all kinds of vesicular 
clouds which are not too dense for the passage of 
the stronger vibrations of light. 

• “ Science for All,” Vol. III., p. 849. 

t The Nebenbild of the German meteorologists. 
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STONE -LILIES AND FEATHER - STARS. 

By P. Hbkbbht Carpenter, D.8c., F.R.S., F.L.S., 
AnrUtafU Jfa8t«r at Eton Colloge, 


T he stone-lilies have been already referred to in 

these pages as belonging to a somewhat varied 

assemblage of animal forms, which may be described 

by the general term of “ limestone- builders.” It 

has been pointed out * that many limestones consist 

almost entirely of the remains of these beautiful 

animals, which are known to naturalists as Orinoids. 

The Greek word krinon means a lily ; and long 

before the adoption of the term Crinoidea for this 

class of animals, the name Encrinites — in which the 

same root is traceable — was employed to describe 

their fossil remains. The earliest author who 

systematically treated of these remains was the 

celebrated Agricola (a.d. 1530), though, from the 

manner in which he speaks of them, it is evident 

that they had long attracted the attention of 

naturalists, and that the names Trochites, Entrochm, 

- ^ ^ and Encrinus had found their 

/ i;. , way into general use. 

/ if fi^’st was applied to the 

f ll H U separated stem-joints, which have 

3 Ir H II since been known as St. Cuth- 

bert’s beads,” a name t familiar 

to the readei's of ‘‘Marmion.” 

Entrochua was used to denote a 

larger piece of stem, consisting 

of several united joints, such as 

one may find without difficulty in 

the limestones of Clifton Down, 

Wenlock Edge, and 

elsewhere. The last 

name, Ei/uyrinua^ was 

applied to the really 

lily-like remains, which 

T M X, ^ . consisted of a cup sup- 

Fig. 1 —The Lily Encrimte (Encn- * ^ , 

tiu8 liliiformiB). a, Surface of a lX)rted on a stem, and 
Stem-joint. * . , ^ , 

giving off ten or more 

arms. This name has gained a permanent jdace 
in scientific nomenclature, as denoting one particu- 
lar genus of the fossil Crinoidea, the commonest 
species of which is the well-known Lily-encrinite,” 
from the Trias J of Germany (Fig. 1). 

The mutual relationship of the three kinds of 
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* “Science for All,” Vol. L, p. 11 ; Vol. II., p. 163. 

+ “A Star-fish and its Relatives “Science for All,” 
Vol. III., p. 806. 

"X For the positions of these geological forniiitions in the crust 
of the earth, see the Frontispiece to Vol. I. of “ Science for All.” 


fossil remains mentioned above was not recogniseo 
till more than a century after the time of Agricola, 
and even then their real nature was misunderstood. 
Fossil Crinoids were described as “ certain stones 
figured like plants, and by some observing men 
esteemed to be plants petrified.” Another writer 
speaks of their remains in the Carboniferous Lime- 
stone § of Somersetshire as “ rock-plants growing 
in the lead-mines of the Meodip Hills,” Observing 
men, however, did not altogether agree as to which 
way up these rock-plants grew ; for while some 
authors believed the body or cup of the Crinoid to 
be the base of the stem, and regarded the arms as 
radiating and subdividing roots, others considered 
that the more or less branching roots of the pear- 
encrinite (Fig. 7) really belong to the body, and 
not to the lower part of the stem. By other 
writers the cups were taken for petrified flowers or 
fruits, and the stems thought to be the back-bones 
of fishes. 

The credit of pointing out that the Crinoidea, far 
from belonging to the vegetable kingdom, are true 
animals, closely approximating in structure to the 
existing types known as sea-stars, || is due to our 
countryman, Edward Llhuyd, who was keeper of 
the Ashraolean Museum at Oxford at the end of 
the seventeenth century. Not only did he refer 
these remains to the same group with the sea-stars, 
but he even pointed out the feather-star (Fig. 2) as 
the paiticular form of sea-star to which the fossil 
Crinoidea are most 
closely allied. 

The feather-star (Fig. 

2) differs considerably 
from the other star- 
fishes, both in its ex- 
ternal appearance and in 
its mode of life. As 
in the Echinoderms H 
generally, there are five 
rays, corresponding to 
the five arms of the 
star-fish ; but each of these fiv e rays may fork 
from one to seven times, so that the number of 
arms sometimes readies two hundi’ed or more. 

§ See Frontiepiece to Vol. I., “Science for All.’* 

{1 “ Science for All,” Vol. III., p. 300, Fig. 1. 

f iWi/., Vol. III., p. 303. 





Fig. 2.— The Rosy Feather-star 
(Comatula rosacea). 
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In those of our own seas, however, such as the 
rosy feather-star (Fig. 2), there are rarely more 
than ten arms. These aims are supported by 
an internal skeleton of limestone joints placed end 
to end, and are closely fringed with smaller jointed 
appendages, which spring from them like the barbs 
from the quill of a feather. This feature suffi- 
ciently accounts both for the popular and for 
the scientific names (Coniafula) of this animal. 
Readers of the paj>er on “The Star-fish and its 
Relatives,” to which reference has been made 


year 1821 that Mr. Miller, a German naturalist, 
lesidiiig in Bristol, showed clearly that the feather- 
star is essentially similar to one of the old stone- 
lilies or to a recent sea-lily, except that it has no 
stem. The general structure and the mode of life 
are identical in both. Figures of two recent sea- 
lilies [lihizocrinuSy Pentacrinus) have been already 
given. J The Pentacrinus is the type which was 
first known to science'., one having been brought 
over from the West Indies by a French naval 
officer in 1755, and placed in the museum of the 


already, will remember that the ordinary star- 
fishes, brittle-stars, and sea-urchins live with their 
mouths downwaids, and crawl alx)ut on the sea- 
bottom in search of food by the aid of their numerous 
sucking feet. The feather-star, however, lies on its 
back, with its mouth upwards, and has a number of 
little jointed hooks fixed in the middle of its back, 
by which it can anchor itself to stones and sea- 
weeds. It detaches itself occasionally, and swims 
about for awhile with a peculiarly 
graceful alternating movement of its 
arms, eventually settling down again 
in its previous position. The mouth is v 
in the middle of the upper surface of 
the body, and the arms are spread out ^ 

around it. On the upper suiface of 
each arm is a groove, which is lined by 
a vast number of those delicate little 
protoplasmic filaments that are known 
to natumlists as cilia.* The continued 
vibratory movement of these cilia pro- 
duces currents in the w ater that carry 
tiny food-particles towards the mouth, A 

where the grooves of all the arms meet ^ 

(Fig. 3, B). 

It must be remembered tliat LIhuyd’s 8, -Pen 
determination of the fossil stone-lilies t^JiSou 
as allied to the recent feather - stars 
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Fig. 8,— Pentacrinus Caput-HedusflB. {About OneAialf Natnrnl Size.) 
B, View of Ventral Disc from above, showing the Food Grooves 
the Mouth. 


A, Side View ; 
converging to 


was made without any knowledge of the fact 
that there are such things as living stone-lilies. 
The first of these known to science was not 
discovered till fifty years after Uhuyd wrote, 
and even then its true nature was misappre- 
hended. Eminent naturalists, like Linnajus, 
Lamarck, and Cuvier, considered these I’ecejit sea- 
lilies as zoophytes,^ allied to the sea-pens, sea-firs, 
sea-shrubs, and the clustered se^polyjie, while 
the feather-stars were thrown back again by them 
among the other star fishes. It was not till the 

* " Science for All/’ Vol. L, p. 59 ; Vol. II., p. 374 

t Ibid., Vol. L, p. 378; VoL II., pp. 207, 312-316; Vol. 
IV., p. 81. 


Jardin des Plantes, at Paris, under the name of 
“ Palmier Marin,” This West Indian sjiecies 
{Pentacrimvs Ca 2 mt-Medti 8 Cfi)y which is represented 
in our Fig. 3, differs considerably from the 
Pentacrinus maclearamtSy which was dredged by 
the Challenger from the depths of the Atlantic, 
and named aftfir one of the officers on board by 
Sir Wyville Thomson. For more than a hundred 
yeai-8 after the first Pentacrinus was brought to 
Europe, these beautiful animals were excessively rara 
Even as late as the year 1865, as much as £50 was 
paid for a single specimen. But the systematic 
e^^ploration of the bed of the ocean by the dredging 
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expeditions of England, America, and other 
countries has made them more abundant in col- 
lections, though not the less beautiful. They live 
in great forests on certain parts of the sea-bottom, 
sometimes attaching themselves to telegi*aph cables. 
In other kinds, however, such as RhizocrinuSy^ the 
stem ends below in a spreading root, and so fixes 
the animal in the ooze which covers the ocean-bed. 

Like the feather-stars, they live with the moutli 
upwards, and the branching arms spread out so as 

t to catch as many small particles 
as possible in the currciiits which 
sweep down the food - grooves 
towards the centnd mouth 

Tlie relationship between the 
feather-stars and the stalked 
sea-lilies is still closer than was 
imagined by Llhuyd and Miller ; 
for the young feather-star 
is not free like its parent, 
but grows on a stem (Fig. 

4), from which it even- 

*%. i.-Y<mvg of the detaches itself. In & 

Feather-ito (Co- this Stage of its develop- 

matula ronucfla) m the , ® 

Stalked, or Pentocri- meiit it IS known as a 
noid Stage. -n . • • i 

Fentacrinoid, a name ^ 
which expresses its resemblance to the per- 
manently-stalked Pentacrinus (Fig. 3). This 
curious fact was discovered by Mr, J. V. 
Thompson, and was confirmed five years later 
by the late Professor Edward Forbes, who 
was fortunate enough, when dredging in Dublin 
Bay, to find numbcjrs of tlie Pentacrinoid young 
of the rosy feather-star in a more advanced stage 
than any that had ever been seen before. Some 
of them, indeed, were so far advanced that 
Professor Forbes was actually able to ‘‘see the 
creature drop from its stem and swim about, a 
true feafcher-star.” Tlie severance occurs bc^tween 
the second stem-joint and the top one, which 
becomes an important part of the mature animal, 


with a still longer tuft of them at its hinder end 
(Fig. 5, a). By means of these cilia it swims about 
in the water. After a while, slender limestone 
rods make their appearance near the front end, 
where the temporary mouth is situated, and by 
repeated forking and joining these rods give rise 
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Pig. 5.— Three Stages in the Development of the Eosy Feather-Star. 

a, Larva just UalcbiMl; ft, Larva with Uudiiucnts of Limestone 

c, Pentacrinoid Larva. The Mouth is in .the Centfo of the Ring ot 
Tentacles, bnt no trace* of Arms are yet Visible. 


for it beara the hooks by which the animal is 
able to fix itself to sea-weeds, zoophytes, &c. In 
some cases as many as thirty of these hooks may 
be developed before the animal parts from its 
stem and commences its new mode of life. 

The gradual development of the stem is a veiy 
interesting process. The young of the feather- 
star leaves the egg as a little oval body about 
in length, shaped somewhat like a small barrel, and 
surrounded by four hoops of long vibratile cilia, 
* “Scienoe for All,” Vol. III., p. 168. 


to ten plates of a delicate limestone network, which 
are arranged in two cross rings of five jdates each 
(Fig. 5, 6). Passing backwards from beneath the 
centi'e of the lower ring of plates is a series of 
delicate rings of limestone, which become sup- 
ported, later on, by bundles of longitudinal rods 
foiming inside them. The last of these bundles, 
at the hinder end of the larva, rests against a 
circular plate of considemble relative size. At 
this stage the larva has the form of a bent club or 
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rod, with an enlarged head. The ciliated bands 
disap|)ear, and it gradually loses its power of swim- 
ming, attaching itself to some stone or other solid 
substance by its base, the knob of the club being 
free (Fig. 6, c). This knob gradually becomes the 
body of the future feather-star, while the series of 
rinsrs between it and tlie base of attachment 
develop into the elongated stem-joints of the Pen- 
tacrinoid. The enlarged head gradually becomes 
five-lobed, each lobe being supported by one of the 
upper rings of plates, and after a while the lobes 
sei^ai-ate like the petals of a flower, so as to expose 
between them the o]:>ening of the permanent 
mouth. Around this mouth ai’e five gi*oups of 
three tentacles each, delicate tubular organs, which 
spring from a ring-shaped water-vessel* in the 
lip. 

The arms, which at this stage are quite un- 
developed, now begin to make their ap{>eai*ance, 
sprouting outwards from between the two rings of 
plates, the upper one of which gradually disap j>ears. 
Clawed hooks are pushed out from the enlarged 
uppermost stem-joint, which eventually separates 
itself from the rest of the stem, as described above. 

The genenil anatomy of a feather-star or sea-lily 
is essentially the same as that of a common star- 
fish, allowance being made for the different position 
of the mouth in the two cases. Immediately within 
the ciliated groove of the Crinoid ann runs a nerve- 
cord, just as in the star-fish. Deeper still lies a 
blood-vessel, and then the water- vessel, which is 
relatively smaller and less im}K)rtant than in the 
star-fish ; for the water-vascular system of the 
Crinoid takes no fiart in effecting the movements 
of the animal, like that of the star-fish does. Being 
more or less permanently fixed on its back, with 
its mouth upwards, ready to take anything that 
comes in the way of food, the Crinoid has no need 
of sucking feet to help it in moving about But 
these organs, which are so im|>ortant to the star- 
fishes and urchins, are replaced in the Crinoids by 
excessively delicate little tubes, the tentacles, in 
which the work of bi*eathing seems to be carried on, 
oxygen passing through their walls from the water 
around them into that which they contain. All 
the water-vessels of the arms are lined by cilia, and 
communicate, like those of the star-fish, with a ring- 
vessel situated in the lip around the mouth. There 
is, however, a less direct communication bc^tween 
this vessel and the external water, as is effected by 
the stone-canal of the star-fishes and urchins. But 

* For tlie explanation of this term, iiee the article on the 
Stai-fish, “ Science for All,” Vol. III., p. 300. 


water is able to enter the body-cavity through 
innumerable small tubular openings in its walls, 
which are lined by cilia, all working inwards ; some 
of these lead into the water-vascular ring, which is 
also in free communication with the body-cavity by 
means of similar openings in its floor, so that it 
communicates readily with the exterior. 

Here in the Echinoderms, therefoi*e, we meet 
with an excellent illustration of a principle which 
is largely exemplified in the other sub-kingdoms of 
the animal world. There is one fundamental plan, 
according to which the various members of each 
sub-kingdom are constructed, but the details of this 
plan are worked out in different ways in the 
different classes of animals which together make 
up the sub-kingdom, t 

Neither the feather-stars nor the Pentacrinites 
can be said to enter largely into the formation of 
limestone, though there are some beds in tlie chalk 
of Bohemia which contain gi’eat quantities of the 
remains of the former. In certain parts of Germany 
there is an earthy bed of limestone a few inches 
thick which is almost entirely made up of isolated 
joints of the stems, arms, and pinnules of Penta- 
crinites, collected together in enormous numbers. 
Here and there, too, both in this country (as at 
Lyme Regis) and abroad, large slabs of shaly lime- 
stone are foimd containing collections of fossil 
Pentacrinites, some of them very jierfect, and I'e- 
markable for the great length of their stems. One 
specimen, found in Germany, has a stem the total 
length of which, as measured by its broken pieces, 
was found to be seventy feet, while others with 
stems fifty feet long are not uncommon. Tliey 
must have presented a curious sight in their native 
seas, each with its long stem, on which was the 
crown of arms, not more than ten or twelve inches 
across when fully exfianded. Tlie naturalists of the 
Blaie Expeditions in the Caribbean Sea succeeded 
in keeping some Pentacrini alive for two hours 
after their lemoval from the dredge. This was 
effected by ^‘deluding the animals into the idea 
that they were in their native temperatures by 
putting them into ice-water.” Previously to this, 
during the Hassler Expedition of 1872, the late 
Professor Louis Agassiz was fortunate enough to 
be able to keep a little Bhizocrinus J alive for ten 
or twelve hours, and he thus described what he 
saw : — “When contracted, the pinnules are pressed 
against the arms, and the arms themselves shut 

t Com])are “ Science for All,*' Vol. I., p, 330 ; 'Vol. II., p. 41 ; 
Vol. III., pp. 145, 274, 800. 

X -“Science for All,” VoL III., p. 163, Fig. 1, 
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against one another, so that the whole looks like a 
brush made up of a few long coarse twines. When 
the animal opens, the arms at first separate without 
bending outside, so that the whole looks like an 
inverted Pentapod ; but gradually the tij) of the 
arms bends outward as the arms diverge more and 
more, and when fully expanded the crown has the 
appearance of a lily of the Lilium Martagon type, 
in which each petal is curved upon itself, the 
pinnules of the arms spreading laterally more and 
more as the crown is more fully open. I have not 
been able to detect any motion in the stem traceable 
to contraction, though there is no stiffness in its 
bearing. When disturbed, the pinnules of the 
arms first contract, the arms straighten themselves 
out, and the whole gradually and slowly closes up. 
It was a very impressive sight for me to watch the 
movements of this creature, for it told, not of its 
own way only, but at the same time afforded a 
glimpse into the countless ages of the past, when 
these Crinoids, so rare and so rarely seen now- 
adays, formed a prominent feature of the animal 
kingdom. I could see, without great effort of the 
imagination, the shoal of Lockport teeming with 
the many genera of Crinoids which the geologists 
of New York have rescued from that prolific 
Silurian deposit, or recall the formation of my 
native country, in the hill-sides of which, also 
among fossils indicating , shoal-water beds, other 
Crinoids abound, resembling still more closely those 
we find in these waters.” Had Professor Agassiz 
been an Englishman, he would have referred to the 
Wenlock limestone,* and to the Carboniferous lime- 
stone of Somersetshire, instead of the Silurian shales 
of Lockport ; while he would have spoken of the 
Bradford clay and its pear-encrinites (Fig. 7) instead 
of the Jurassic Crinoids of Switzerland. The lime- 
stone of Wenlock Edge is of approximately the same 
geological age as the Lockport beds of America, and 
is very largely composed of the remains of Crinoids 
and corals. In some parts of it the Crinoids are so 
abundant that it is spoken of as a Crinoidal lime- 
stone. Portions of this or of similar limestone- 
beds are exposed at Dudley, Walsall, Woolhope, 
and Aymestry. That at Dudley is very rich in 
Crinoidal remains, and is the chief source of our 
museum specimens. 

Ages after the close of the Upper Silurian period, 
Crinoids again played a very important paii; in 
the formation of a limestone. Tlie great deposit 
of Carboniferous limestone which underlies the 
coal measures in South Wales and in Somersetshire 
* “Scienoefor AU,” Vol. II., p. 163. 
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is more than two thousand feet thick, and so highly 
fossiliferous that the whole of it may be said to 
have once formed parts of animals. The lowest 
five hundred feet of it consist chiefly of Crinoidal 
remains. In all parts of Europe where Carboni- 
ferous limestone occurs it is largely made up of 
the skeletons of stone-lilies. They are especially 
abundant in Belgium, in the neighbourhood of 
Li^ge, and are also very numerous in the Carboni- 
ferous series of America, as has been well described 
by Professor Dana. He has j)ointed out-how there 
was a long period of limestone-making both in 
Europe and in America before any of our coal- 
plants t began their work of “ bottling up the 
sunlight ” of ages now long past. There is j)roof, 
therefore, of the wide extension of the same 
geographical conditions, viz., an extensive sub- 
mergence of tlie continental lands, as a prelude to 
the period of emergence and terrestrial vegetation 
that followed. 

In the first half of the Upper Silurian there was 
a period when a .sea, profuse in life, and thereby 
making limestones, covered a large part of the 
interior continental basin of America, i.e., the 
region between the Appalachians and the Rocky 
Mountain chain. The same conditions were 
repeated in the early part of the Devonian age, 
and, again, in the Carboniferous there was a similar 
clear and open Mediterranean Sea, and limestones 
were forming from the relics of its abundant popu- 
lation.f In the Upper Silurian period the living 
species were of a misc(*llaneous character, Brachio- 
pods or lamiishells,§ Crinoids, and Corals occurring 
ill' nearly equal proportions ; but in the Devonian 
period Corals wei*e greatly predominant, and in that 
of the Carboniferous Crinoids had as remarkable 
a pre-eminence. The most prolific locality for 
Crinoids in America is Burlington, in the State of 
Iowa. More than three hundred and fifty species 
have been found there, many of them in the most 
beautiful state of preservation. 

These stone-lilies, which bloomed in the ocean 
depths when the earth was younger and our coal 
not yet formed, differ very considerably from the 
Pevtacrhd which inhabited the Liassic Seas,|| 
together with the ‘‘ great sea reptiles,” and have 
survived until the present time. In most of the 
older Crinoids the mouth was not on the external 
surface of the body, for it was covered in by a 

f “ Science for All,” Vol. I., pp. 87, 88- 

I IhkL, Vol. III., pp. 46, 47. 

§ Hid., Vol. I., p. 67, Fig. 5. 

II Ibid., Vol. IL, pp. 138, 139. 



42 


SCIENCE FOK ALL 


dome of rigid heavy plates (Fig. 6). But there 
were food«gvooves ou the arms, just as in the recent 
sea-lilies and feather-stars, and at the circumference 
of the dome were a number of oi>eiuugs, one for 
each gi'oove, through which the 
food particles passed on their 
way towards the mouth. 

The earliest I'epresentative of 
the more modern type of Crinoid 
in which the mouth is oj^en to 
the exterior is the Lily Encri- 
nlte*’ (Fig. 1), from the Trias of 
Germany, a xery elegant and 
well-known species. In an old 
German book about the natural 
history of Altenburg, dated 1774, 
it is recorded that the Emperor 
of Germany once offered a hun- 
dred thalers for a good sjieeimen of this stone-lily 
attached to its stem, and free from the matrix in 
wliich it had been embedded. 

At the close of the period of the Trias there 
commenced the formation of the great Jurassic 
series, that takes its name from the Jura Moun- 
tains, where it is especially well-developed. In tlie 
earliest member of it that occurs in this country, 
viz., the Lower Lias of Lyme Ii(*gis,* we find the 
oldest representative of the Paiiacvimis type. It 
has j)ersisted ever since*, living in the Jurassic and 
Cretaceous seas, and is now r(‘presented by s(*\ eral 
sjX'cies wiiich inhabit the Caribbean Sea and the 
median depths of the Atlantic and Pacific. In 
some localiti(*.s they must he remarkably abundant, 
for during the cruise of the Llokfi in tlie Caribbean 
Sea, no less than one hundred and twenty-four 
specimens were captiii’ed by one “ liaul of the 
dredge and its aj^pendages. 

Above the Lias formation is that of the Oolites, 
the lowest beds of wliich (Inferior Oolite of 
Gloucestershire) contain the remains of the oldest 
British feathei-stars. Somewhat younger still are 
the Pear-Encrinites,’’ which are so abundant in the 
Bradford clay (Fig. 7 ), In these Crinoids the body 
was considerably swollen, and the base of the long 
stem fuimished Avith a number of roots, which 
served to fix the animal in the ooze covering the 
sea-hottom. The pear-(*ncrinites are rpj)resented in 
the chalk by a dwarfed and degraded type, which 
has long been known as the “ bottle-encrinite.” It 
has been already jioinied out that this degenei’ation 
• ‘‘Science for All,” Vol. IL, p. 138. 
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was perhaps due to the reduced temperature of the 
Cretaceous seas,t for it has continued since the 
time of the chalk formation, and has resulted in 
tlie appearance of the little Rhizo- 
crinus that is so widely distributed 
over the Atlantic sea-lied. The 
j)ear-encrinites seem to have fared 
worse during these bygone ages 
than the Pentacrinus type did, 
for the recent Pentacrinidai i*p- 
semble their ancestors much more 
than Rhizon'inus resembles the 
pear-eiicrinite. They are, how- 
ever, smaller and less completely 
developed than the long-stalked 
forms of tlie Liassic seas. 

The featiier-stars of the present 
day also seem to be smaller than 
tlieir predecessors wliich lived in 
the Jurassic and Cretaceous seas. 

Unlike the stalked Crinoids, 
which are almost entirely limited 
to deep water, they flourish best 
in the shallower w^aters nearer 
land, though small and poorly- 
developed specimens have been 
dredged at nearly 3,000 fathoms. 

Their geogi’aphical distribution 
is very extensive, as they range 
through nearly every part of the 
Atlantic and Pacific, fi*om 82® N» 

Lat. down to Heard Island in tin* 

Southern Sea. They are largest 
and most varied in tlie tropics, 
particularly in the shallow water 
about the West Indies and Pliilij)- 
j)ine Islands, and in the Malay 
Archipelago. It is especially in 
the two latter localities tliat K;g. 7 ._A,.,„rEncn«m. 
they rcAch their highest degree 
of development, some forms having not far from 
two hundred arms. Tlie large f(^ather-star of the 
Arctic sens, althougli rivalling these giants in the 
“spread ” of the arms, possesses only ten of these 
organs, and is therefore much sinijiler in its con- 
struction than they are. It must l>e said that we 
know ^’ery little about the fossil feather-stars in 
this respect, as the arms are so rarely preserved, 
but their bodies were larger ou the wdiole than 
those of existing species. 

t “Science for All,” Vol. III.,pp. 162-167. 


\ " 





VOICE. 


43 


VOICE. 


w 


By I’. Jeffrey Bell, M.A., 

Professor of Comparative Anatomy in King's College, London. 

HEN we roughly strike a board, the shaking to the frog’s croak. 


so produced causes the particles of which 
the air is made up to strike more or less roughly 
and iiTegularly against one another. We make a 
noise, and we hear that noise because the jumbling 
of the air-particles is conveyed to the tense mem- 
brane, which, set in motion, affects the more 
internal parts of our ear. If, however, we regu- 
larly set in motion, as with the bow of a violin, a 
cord or wire tightly stretched, we produce, not an 
irregular or confused no'ise, but a definite and a 
perha])s more or less musical somul But the 
delicate cord will give liut a feeble sound ; to 
make it more loud we have to connect with the 
cord a i)i(‘ce of wood, which, larger in size, has a 
gi*eater effect on a largca* volume of air. 

What, then, we h(iar is due to a movemcmt in 
the air surrounding us, and these movements of 
the air are most easily jiroduced by setting a cord 
or a 2 )iece of wood in movement. The essential 
matter is the movement of the air, and this can l)e 
effected in yet anoth(*r way. If air be blown down 
a pipe, or a straw, which has at the ojiposite end a 
free “tongue,” or piece, which vibrates with the 




Fig. 1.- 


•Straw, with Tongue. (After Tyndall.) 
r'r. Vibrating ; rs, J’iiu*. 



Fig. 2. — Cartilages of Larynx, 
{After Quain and Sharpey.) 
h, LfiiernI Cortion of Thyroid; 
e. Hind Portion of Crjcoid. 


air, and itself affects the surrounding air, then we 
get a musical note which varies with the lengtli of 
the pipe and its construction (Fig. 1).^ 

In its essence, the human organ of voice is a r(*ed- 
pipe of this kind, as the following anatomical descrip- 
tion will readily show. It is conveniently situated 
for its purpose, inasmuch as a blast of air can always 
be driven through it from the lungs ; for it is 
situated at the top of the windpipe {trachea), which 
is the channel by which air passes injo and out of 
those organs. Consisting, as it does, of a number 
of cartilaginous pieces, freely movable on one 
another, it is, in its essential parts, represented 
more simply in so lowly an animal as the frog, 
wliere there are but two distinct pairs of cartilages, 
with which is connected, one on either side, a fold 
of membrane with a free edge. This fi-ee edge is 
set in vibration by the column of air, and gives rise 
“ Science for All,” Vol. II., p. 296 ; Vol. in., p. 93. 


To these folds we apply the 
term of vocal nicmhraaes, and the slit between 
them is the ylottis. 

Of the cartilages, the most prominent, and per- 
haps the only one of which the reader has at pre- 
sent any knowh^dge, is that 
which forms tlie Adam’s 
apple, the thyroid, or shield- 
shaped cartilage, of tech- 
nical anatomy ; the large 
l)iece in the middle line of 
the throat which Ijecomes 
so much larger as the 
“piping schoolboy’’ shoots 
up into the young man. 

This Adam’s apple consists 
of two flattened piec(‘s, 
which unite in the middle 
liiKi at an angle with one 
anotlier, and the (^xtent to 
which the “api>le ’’ is \'isibie 
is, of course, dependent on 
the sharjiness of tlu' ridg(* 
thus foiTiied {a, Eig. 2). Al) 0 \e and below, each 
outer angle of the two wings of the thyroid 
cartilage gives rise to ju-ojecting processi^s, or 
horns ; two .superior {c. Fig. 2), which are a little 
larger than two inhuior {cl, Fig. 2). Two j^airs of 
cartilages form tht‘ chief part of tlie back wall of 
the larynx. The ring-shaped cricoid cartilages have 
their narrow side [f, Fig. 2) lying below the lower 
edge of the thyroid, and here they are joint(‘d to 
the lower horns of the thyroid cartilage ; behind, 
this ring-shaped Vxidy is much deeper, four or five 
times, indeed, as deep as in front. With the 
upper edge of the liinder liorder we find two small 
cartilaginous jfieces connected, which, from a some* 
what fanciful resemblance to a ladle, have been 
denominated tlie aryteitoicl cartilages {g, Fig. 2). 
Leaving for a moment the other smaller cartilages, 
and only stating that they, together with those 
already mentioned, are connected together by liga- 
ments, and move on one another by means of a 
special system of muscles, let us look at the larynx 
itself from inside. The figures which illustrate 
this are taken from the work of Dr. Czeimak, and 
represent the arrangement of the jiarts of his own 
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larynx. Here we may for a moment turn aside to 
remark that, so far as the organ of voice is con- 
cenied, “ some power ” has the “ giftie gi^en us to 
see ourselves as others see us for i)hysiologists, and 
prominently among them the illustrious observer 
just mentioned, have succeeded in bringing to a high 
degi'ee of completeness the process of what is called 
‘‘ autolaiyngoscoi)y. *’ 

£n Fig. 3, A, we see ^ marking the base of the 
tongue ; e, the overhanging cartilaginous ejnglottisy 

wliich, during the 
act of swallowing, 
closes over the glot- 
tis, and jirevents our 
food from going 
the wrong way ; 
cs*, 8 mark tlie small 
cartilages of San- 
torini, whicli are 
connected with the 
top of tli(‘ arytenoid 
cartilages (a, a) and 
have l»etwc*en them 
the naiTOw slit of 
the glottis ; 

)iiarks tlie hinder 
wall of the pharynx. 
In Fig. 3, B, we see 
the slit of the glottis 
widely open, and 
now th(‘ vocal cords ai*e themselves (*xposed to 
view, the letters o, sh pointing to the upper, and 
?/, sh to tlie lower vocal cords. The former, or 
su]>erior i>air, are called the false vocal cords, 
inasmuch as it is not they, but rather the inferior 
j»air which are th(‘ direct cause of that vibration 
of the air which results in the They can 

best, ])erha])s, be understood by being regarded as 
the roof of the sinus, or v^ntrirh {M. r), which is in- 
terposed between them and the vocal cords pi-oper. 
Thes(* last, in addition to being folds of mucous 
membrane, have their substance strengthened by 
ligaiiKuits and muscles. 

It must now be o1>vious that the chief problems 
with which we have to do ai*e concerned with the 
relative positions of these vocal conls, how they may 
become so set as to respond to the blast of air 
driven through them, and how they may so vary in 
length as to give out different sounds. Fii’st, then, 
we must know to which of the mot able cartilages 
of the larjuix the A ocal coids are attached. In front, 
as might be supposed, they ai*e connected with the 
thyroid cartilage, while behind they m(*et the 


arytenoids. As the anterior ends of the cords are 
closer together than .the posterior, it follows that 
when the whole apparatus is at rest, the aperture of 
the glottis is V-shaped (see Fig. 3, b). Now, as a 
matter of fact, when 
acute sounds are being 
pi‘oduced, the slit is 
much narrower (Fig. 3, 
c), ajid the edges of the 
vocal cords lie parallel 
to one another; ob- 
viously, then, one of 
the most important 
changes must consist in 
an alteiution of the 

nf fliP hindf^r T^inprammatic View from 

position or tne ninaci above of Dissected Larynx. 

or aiyteiioid caitilages. 

This approximation is chiefly efh^cted by the pos- 
terior arytenoid muscles (Fig. 4, wliich nin 
from one cartilage (i?) to that of the other side. 

. Coming next to the question how tlie cords (J) may 
be made more slack or more tcuise, it is obvious 
that all that is nee(*ssary is to de]>ress or elevate 
the arytenoid or the thyroid (.s) cai-tilages so as to 
approximate or more widcdy separate the two ends 
of attachment of the vocal cords. The lowering 
of the thyroid would make tlie cords more tense, and 
this is chiefly eflected by a muscle which, passing 
from the upper (*dge of tli(‘ tliyi'oid downwards and 
inwards, is attached to the cricoid cartilage (.0), and is 
consequently known as the crico-thyroid muscle; this, 
by its contraction, depresses the thyroid, and so 
draws away the thyroid ends of the vocal cords from 
their arytenoid or inner ends. Similarly, a muscle 
passing u])wards from the tliyi'oid to the arytenoid 
— -thethyro-arytenoid muscle (/') — draws the thyroid 
up again, and so, by making the distance between 
the ends of the cords less, makes them more slack. 

We turn now to the questum, why and how do 
voices difter ? This is a question of pure jihysics, 
and it is necessary to remind the reader of what 
the conditions are, and what are the differences in 
the characters of sounds. 

First, there is the jntch, which is the physio- 
logical expression for the length of the waves of 
sounds. This dejiends on different causes, according 
as we are dealing with rods, with open i)ipes, or 
with closed pipes. So far as we cei'tainly know, 
it would seem that in the case of the human voice 
the pitch depends on tlie vibration of the true vocal 
cords, which vibrate moie slowly the longer tJiey 
are, and vary in vibration with tlif^ state of tension 
in wliich tliey are. Fujlher, tlie column of air in 
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the windpipe has a proper rate of vibration, and 
it would seem that, by the influence of certain 
muscles, this tube is shortened or lengthened to 
bring its vibrations into harmony with the wave- 
lengths of the vibrations caused by the movements 
of the vocal cords. 

Now, knowing that the longer the cord is, the 
more slowly it vibrates, we can see at once how it 
is that a deeper note, or one in which there are a 
smaller number of vibrations per second, is got 
from the vocal cords of an adult man than from 
those of a boy or of a woman, where the “ Adames 
apple ” is not so prominent. One of the deepest 
notes sounded by a bass voice is produced by no 
more than eighty double vibrations in a second ; 
while a soprano voice can, at any rate, give forth a 
note in which there are nine hundred and ninety- 
two such vibrations. 

As it is obvious that a vocal cord can only be 
lengthened or shoi'tened within certain limits, we 
can understand liow a bass cannot sing soprano 
notes, or a soprano bass notes ; and we get to 
recognise that each voice has a range or compass 
within which it is caj^able of producing certain 
notes. 

Within this range a singer can sing with more 
or less accuracy; that is, of course, has more or 
less of command over the muscles which move the 
different cartilages of the larynx. What command 
practised vocalists can obtain over tlieir muscles 
may be illustrated by the case of the singer 
quoted by Dr. Carpenter : — It is said that the 
celebrated Mfidaine Mara was able to sound one 
hundred different intervals Ix'tween each tone. 
The compass of her voice being, at least, three 
octaves, or twenty-one tones, the total numljer of 
intervals was 2,100, all comprised within an 
extreme variation of one-eighth of an incli ; so that 
it might be said that she was able to determine the 
contractions of her vocal muscles to nearly the 
seventeen-thousandth of an inch.” 

Delicacy such as this must, we cannot but think, 
be ill part due to the sense of hearing — Madame 
Mara had a good ear” — just as certainly as a man 
born deaf will never learn to speak of himself. 

The false voice, or falsetto,” is still without a 
complete explanation. All we seem to know cer- 
tainly is that during its production the vocal cords 
are wide apart, instead of forming a narrow chink, 
and we can hardly suppose that the vibrations then 
produced can gain any resonance from the column 
of air in the windpipes. As it is a matter of 
practice, it would follow that, like the ordinary or 
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chest voice, it is ultimately due to certain con- 
tractions of the muscles of the larynx. 

In addition to the larynx, or voice-organ proper, 
the mouth and the lips aid, as we all know, very 
greatly in the formation of those sounds which, 
when combined, go to make up articulate speech. 
The easiest sounds to make are the vowel sounds, 
and these we will now proceed to discuss. When 
we give ofi* a vocal sound (according to Helmholtz, 
B flat), have the lips wide open, and the tongue 
lying flat, the sound is that of a ; now, if we close 
the lips a little, alter the vocal note, and raise the 
back of the tongue, we got e ; again raising the 
tongue and narrowing the lips more, the sound we 
make by the vocal cord has the characters of i. Let 
now the vocal note be p, the lips rounded, and the 
back of the tongue only a little raised, and we hear 
n ; open the mouth a little, raise the back of the 
tongue a little more, sound the note b flat, and you 
pronounce o. 

Having thus shown the method, it will not be 
necessary to deal in detail with all the consonants ; 
as we know, in pronouncing b w'e shut the lips, in 
t we knock the tongue against the teeth, and whf;n 
we say g we raise the back of the tongue. Thes(i 
three consonants are examples respecti\^ely of 
labial, dodal, and guttural sounds. But wlien we 
sound V or s, we likewise give a labial or a dental 
sound, only instead of forcing air out, we seem to 
draw air in ; while, then, h or f is an explosive, v or s 
is an aspirate sound. Yet again, if we take equal 
trouble to sound and r, we tind one much more 
distinctly audible than the other ; or, to put it 
differently, we may say tliat f secmis whispered — 
whispering being ordinarily defined as being speech 
witliout voice, though it would more accurately be 
defined as speech without Aubration of the vocal 
cords, the lips in this cas(j taking on the function 
of producing the sound-wa\’es. 

When we make a comparatives survey of the 
animals allied to man\s own class, we find that the 
parts which, in him, are the organs of articulate 
speech are most of tlnmi to be found represented. 
The frog has the lungs, the air-i)ipe, the glottis. 
That section of the verteV)rata which is occupied 
by the birds exhibits the most remarkable diversity 
and complication of the vocal organs; they, lik(^ 
man, have a special chamber set apart for the heart 
and lungs, but they have not, as most mammals 
resemble man in having, lips. As has been well 
said, As we trace these organs upwards, we in- 
variably observe that, in proj)oi’tion as the animals 
rise in the scale, a nearer and nearer approach is 



46 


SCIENCE FOE ALL. 


made to the organisation of man. Indications, at 
length, gradually appear of an organ adapted for 
articulate language. But in no animal, not even 
in those most approximate to him, is the structure 
properly suited to be an instrument of speech. It 
is reserved to man to have tliat organ in its perfect 
condition,’’ (A. Shaw.) Where things ai*e 
the oi’gan of speech reacts on the organ of mind, 
and a series of mental phenomena come into 
action, which are wanting in speechless animals. 
Further into this difference between man and 
brute we cannot here go ; a full discussion 
would lead into not too easy philosophical disqui- 
sitions. 

But there remains yet another diflenmee, or 
another aspect of the difference : — “ Short as is the 
reach of that ‘ pulsf* of articulated air,’ and rapidly 
as its undulations disappear,” yet can man, as Canon 
Farmr reminds us, grave the symbols of its 
> ibrations on the rock, or paint them on the vellum, 
or print them in the book, so that they can live 
from generation to generation, and reach from pole 
to pole.” 

A curious loss of power of language, known 
technically as aphasia, gives rise at times to ludi- 
crous, and at others to painful accidents. True 
aphasia would seem to consist in this : that when a 
certain portion of the brain is affected, the patient 
may understand what is said, form ideas in corre- 
.spondence, move his laryngeal cartilages, and yet 
remain speechless; the fact being, to all a])pear- 
ance, that in the injured paiii there lies a special 




complete absence of the vocal cords. Found at the 
base of the trachea, or at the point where this 
single tube is continuous with the two bronchi, we 
find that the syrinx may be altogether in the 
trachea, or altogether in ■ b 

the bronchus, or, thirdly, II ~ 

and as is most frequently I I 

the case, is bronchio- JcA 

tracheal. In this last i 

there is a tympanic 
chamber formed by the 
union of some of the 
lower rings of the tra- n 

cliea ; a septum of mem- 
brane, which separates ^ 

the tracheal orifices ot Fig*. 5. — Lar>'iix of Peregrine 
the two bronchi; and Falcon. 

A, Front view ; B, Section. 

thirdly, another mem- 
brane which is fonned in the uppermost bronchial 
rings (Fig. 5). The mucous membrane lining these 
rings forms a fold which bounds one side of the cleft 
thus formed. These membranes are set in motion by 
the passing air, and the note formed dei)ends on the 
position of the rings and the length of the column 
of air in the tmehea ; and that position is, as we 
may easily imagine, altered by the action of the 
connected muscles, the complicat(»d arrangement 
of which was first distinctly made out for the pas- 
serines, or singing birds par excellence, by the illus- 
trious German naturalist, Johannes Muller. 

We refer to one group of insects — the order 
which contains the grassliu)>pei*s and crickets — for 


centre, the activity of which 
is necessary for us to Ikj able 
to convert ideas into words. 
Other fonns of speechlessness 
are to be a.ssociated with an 
accident to the nerves which 
move the muscles, to loss of 
memory, or, at times, to such 
concentration of the brain- 
power that it is impossible for 
the brain also to act in the 



Fig. 6. — The Sound-producing Organs of MacrolyriMcB imj’crator, an Insect belonging to the 

Order Orthoy>tera. 

A, Vpjier View of Wing ; s. Cord; wi, Membrane ; b, Lower View of Left Wing ; d. Roughened Edge. 


way of memory. We all know how, in moments 
of excitement or of earnestness, we cannot re- 
member a word we want ; it is “ on the tip of our 
tongue.” but our brain-force is altogether employed 
in other directions : we suffer a temporary 
aphasia. 

Turning from man to the birds, we find at once 
a remarkable difference in the fact that in them 
the organ of voice is placed at the lower, and not 
at the upper end of the vdndpipe, and again in the 


the purpose of figuring one of the most curious sound- 
producing organs which are to be found among 
them. Fig. 6, a, shows the inner portion of the 
right wing of an insect of this order {Macrolyristes 
imperator), and in it vre may see that, while the 
hinder border is thickened to act as a cord (s), it 
has a tense membrane connected with it, and 
formed out of another pai-t of the wing (pi). Fig. 
6, B, shows the lower surface of the part of the left 
wing whmh is nearest the body, and this may be 
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seen to be roughened like a file (b) along one line ; 
this file rubs on the thick cord, and sets the 
membrane in vibration. These organs are ordinarily, 
though not always, found developed only in the 


male ; but, interesting though they are, it is um 
necessaiy to enter into any further account of 
them, as the whole subject has been fully treated 
by Mr. Darwin.* 


CRAG AND TAIL. 

By J. Duns, D.D., F.R.S.E., 
Professor of Natural Science, New College, Edinburgh, 


B ritish systematic geology is the youngest of 
the great branches of natiii'al science. It is 
not yet a hundred years old. Two works mark its 
beginning: — William Smith’s “Tabular View of 
Strata” (1790), and Dr. Hutton’s “Theory of the 
Earth ” (1795). The latter was communicated to 
the Royal Society of Edinburgh in the spring of 
1785. It was printed in “The Transactions” in 
1788, and publislied separately seven years later. 
Special reference is made here to Hutton’s gi'eat 
work, because of its influence on Sir James Hall, a 
contemporary young geologist, to whom we are 
indebted for the title of this paper, and for the first 
scientific statement and exposition of the phenomena 
to which it i^^oints. 

Visitors to Edinburgh by rail may observe, as 
they near the city, a number of trap hills with l)old, 
bare, precipitous fronts to the west, and gently- 
sloping ridges to the east. The term “crag” is 
applied to the western face, and tlie term “ tail ” 
to the long, gentle slope sheltered behind it. These 
features are not limited to the district now referred 
to; they occur over wide areas in Britain. Scot- 
land is especially ricli in illustrative instances. 
How are they to be ex]>lained ? Can we get back 
to the dawn when they began to bo 1 “ Speak to 

the earth and it shall teach thee.” Let us, then, 
take the facts of surface geology as words, and see 
if by piecing them together we can find the 
explanation of crag and tail. They demand careful 
attention on their own account. Tliey have, also, a 
close bearing on our j)resent subject. Our first 
reference takes us up the track of time to a far-otf 
prehistoric past. 

Nearly parallel to the central or IMoiit Blanc 
granitic ridge of thf' Aljjs, at a distance of about 
fifty miles, lies the limestone range of the Jura. 
The intervening space, consisting of hills and 
valleys, includes the deep depression in which 
Geneva and its lake are situated. Over the surface 
of this wide area innumerable blocks of granite are 


met with, some of great size and weight. They 
occur in the Jura at a height of 2,000 feet. Now, 
by what agent and at what time were the granites 
of the A1))S carried to the limestones of the Jum 'i 
The questions bring in view some of the most 
interesting but difficult problems in the literature 
of surface geology. It is, moreover, all but certain, 
that we Jire to find the ex])lanation of ci*ag and tail 
in the action of forces the same as those which 
transported the granite boulders from their natural 
position to the places in which they now lie. We 
may pass at once from the question of time, because 
geological data are the expression of forces variable 
both in duration and intensity. They cannot there- 
fore give a definite, or even an approximately 
trustworthy, chronology. 

De Saussure, in his “Travels in the Alj)s” (1803), 
was the first who gave grt^at prominence to the 
facts now referred to. He traced the occurrence of 
the granite blocks so far away from the central 
ridge of the Alps to the agency of diluvian torrents 
which, he thought, had swei)t with almost incon- 
ceivable force over the range of which Mont Blanc 
is the highest peak, carrying the gi'anit(^ masses 
with them. Hutton and his friend and interpreter, 
Playfaii’, attributed their presence to the ordinaiy 
action of rivei's, at a time when the tract between 
the Alps and the Jura stood at a higher level than 
now. Professor de Luc, of Gottingen, rejecting 
the theory both of De Saussure and of Hutton, 
sought to account for the facts by a theory of eject- 
ment. The blocks, he alleged, had been ejected by 
volcanic agency from the earth at the spots wlien^ 
they occur. Sir James Hall was of opinion, that, 
at ail indefinitely remote j)eriod, when glaciers 
loaded with huge stones riven from tlie underlying 
rocks covered the Alpine heights, an immensf^ 
diluvian wave, or series of waves, swept over tlie 
glacier area, carrying tlie ice with its embedde^d 
boulders in the direction of movement, and ultimately 
* “ Descent of Man,” Yol. II., chap. x. 
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depositing the stones on their present sites. Os- 
cillations of the surface are implied in the views 
of De Saussure, Hutton, and Hall. Later geologists 
seek tlie explanation in glacier action alone. We 
have thus fiv^e theories — 1. Diluvian torrents (De 
Saussure) ; 2. River action, with altered conditions 
of surface (Hutton) ; 3. Local ejectment (De Luc) ; 
4. Diluvian torrents and floating ice (Hall) ; 5. 
Glacier action (Recent Geologists). It would take 
us too far from our subject to criticise these in 
detail ; but a few words require to be said as to 
the last. In 1840 Agassiz published his “ Studies 
on the [Swiss] Glaciers ” — a work containing an 
admimble remme of the literature of the subject up 
to date, and accompanied by an atlas of thirty-two 
2 )lates, representing the chief features of glaciation. 
James D. Forbes* formulated definitely for the 
first time the facts of glacier movement, and 
deduced thei’efrom its true law. Later, Robert 
Brown showed in a treatise on “ The Physics of 
Arctic Ice,^’t and in “The Physical Structure of 
Greenland,” J that most of the chamcteristics of the 
glacial remains of Scotland may be seen at present 
in the glacial system of Greenland, and that, oscilla- 
tions of the land being assumed, the glacial 2 >he- 
nomena of the two countries may be collated with 
at least some approach to accuracy. It might, 
indeed, be shown in detail that there are difficulties 
still to be removed. At present, however, we have 
to do with features of the surface which can be 
described by themselves, as is the case with crag 
and tail, though they find their only satisfactory 
explanation in the facts of glacier formation, move- 
ment, and influence. 

Before the glaciers left our country they impressed 
their marks on its face. Let us look at some of 
these. They go a long way to help us to idealise 
how crag and tail came to be. We can, for in- 
stance, remember once enjoying, after a long walk, 
a grateful rest on a huge boulder of grey granite, 
poised on the edge of an upland slope, among the 
slate liills of North Wales. The stone must have 
travelled far, and gently also, before it reached its 
l>re.sent j)Osition.§ Again, at least 37 per cent, of 
the pebbles in the boulder clay around Liverpool 
are fragments of the rocks of tlie Lake District, 
fifty to seventy miles to the north. Some time 
ago a block of close-grained grey granite, between 

• “Travels in the A1 i»b” (1843), and “Occasional Papers” 
(1859). 

t “ Quarterly Journal of the Geological Society” (1871). 

X “Arctic Paijers of the Royal Geographical Society” (1875). 

§ The general doctrines connected with the “glacial period” 
rj:e given in “Science for All,” Vol, L, pp. 33 — 40. 


four and five tons weight, was struck in the course 
of draining operations, about fourteen miles to the 
west of Edinburgh. It must have travelled from 
the range of the Gram^jians, far away to the north- 
west. The “ standing-stone ” of Glenballoch, Perth- 
shire, consists of mica schist, twelve feet high, and 
estimated to weigh twenty-five tons at least. It 
occurs in a red-sandstone district, and must also 
have come from the far north. Perhaps, too, this 
mass of mica schist may liave a tale to tell of deeper 
interest to the geologist than that which the 
archaeologist is trying to ascribe to it. The boulder 
is one of a series which marks the action of a 
prodigious force passing from north to south — 
a force not only equal to smooth the surface of the 
hardest rocks and leave deep striae on them, but to 
produce all the features of ci’ag and tail. These 
blocks of mica schist occur in Perthshire, in the 
Lothians, and in Berwickshire. There is one at 
Leith, another at Dalkeith, a third in the Pentlands, 
and a fourth on Cockburn Law, an outlier of the 
Lammermoor Hills. The i>osition of these travelled 
stones is, in some cases, on the very edge of cliflfs, 
where it would baffle man’s skill to f^lace them 
now. They are not, however, always far-travelled ; 
they are often, like those associated with existing 
glaciers, fragments of the characteristic rocks of 
the localities where they are found. Here is an 
instance : — In tlie course of making a short line of 
railway for mineral traffic, about thirteen miles to 
the west of Edinburgh, the navvies came on an 
immense heaj) of stones, one of which was esti- 
mated to weigh above thirty tons, and all belong- 
ing to the rocks in the neighbourhood. The 
workmen had struck the inomine of an ancient 
glacier. The evidences of former movement 
were all around. Almost every stone had its 
edges rubbed off*. The largest was polished as 
smooth as if it had been under the hands of the 
hqfidary, and it in turn had jiolished the surface 
of the mountain limestones over which it had been 
dragged, showing clean sections of the shells of 
Productidffi and Spiriferidm^ with here and there 
pretty bits of Cu 2 >corals (Cyathoj^hyllidcH). Thus 
characteristic fossils of the coal measures, that had 
lived in a tropical or sub-tropical climate countless 
ages ago, meet the glaciers of comparatively lecent 
time ! Now, one has only to follow the polished 
and striated path of these boulders to the crags 
under notice, and to see the striation and the 
polishing continued along their precipitous face, to 
be convinced, with all but absolute certainty, that 
crag and tail has been formed by the same agency. 
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Take an illustrative instance : — ^The ridge on whose 
western extremity Edinburgh Castle stands (Fig. 1) 
consists mainly of two rocks of unequal hardness, 
and therefore of unequal power to withstand all 
sorts of abrading or disintegrating influences. The 
volcanic rock on which the Castle is built is basaltic 
clinkstone of a greyish-black colour. To the west it 
presents a bold and almost perpendicular front ; to 
the east a deep series of stratified rocks, red-sand- 
stones and clay shales, with a thick bed of 


all sides. Now, however, they are exposed on the 
east alone. An abrading force, acting from the 
west, has carried away the soft strata, but the crag 
having power to resist it, turned one part of it to 
the north and the other to the south, scooping out 
valleys, while presenting a protecting front to the 
stratified rocks lying immediately behind it in the 
east — in a word, producing the phenomena of crag 
and tail. Features corresponding to these may be 
seen, on a small scale, on any sandy shore — Tenby, 



Fij?. I.—The **Tail,” Castle Rock, Edinbubgh. 


abut on the trap, presenting a fine section to the 
road on the south side of the Castle. Tlie ridge is 
an elevated centre, which gives rise to two valleys 
— one on the north, in which the Waverley Station 
stands; the other on the south, in which the 
Grassinarket and Cowgate are situated. Tlie 
valleys meet near Holy rood Palace, where they form 
one, whose outlet is the sea. The evidences of the 
action of several forces appear in connection with 
this ridge. The stratified rocks, in the form of a 
tail, lie at an angle of 12® to the volcanic crag, 
showing that they had been lifted by it from their 
horizontal position, and that the crag is more recent 
than they. At the time of upheaval the stratified 
rocks would surround the extruded trap equally on 

199 


for example, where wide areas of sand are never 
covered by the tide. If a strong bi’eeze blow con- 
tinuously from one direction for a few days, any 
large stone or other steady object placed on the 
surface will be found bare to windward ; while a 
tail of sand has, under its shelter, accumulated 
behind, tapering in proportion to the distance fiom 
the shelter. Sir James Hall sought for illustrations 
in the appearances presented in the bed of a river 
after a flood. Comparative stagnation of the water, 
he showed, takes place behind large blocks, which 
act as obstacles to the current, and there a deposit 
of transported matter is formed, “ constituting a tail 
or prolongation which extends in the direction of 
the stream.” But neither of the illustrations ia 
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wholly apposite, because we have not now to do 
with the deposit of the material forming the tail. 
What we wish to know, is the nature of the 
mechanical force by whose action crag and tail has 
been shaped from materials already in position. 

Looking, then, at numerous instances of crag and 
tail that have come under our notice, we conclude 
that a denuding force coming from the west swept 
away the soft materials in its course till it met 
the crag of trap or other compact, hard rock, when 


it bifurcate, caiTying with it the strata on the 
north and south, and leaving them on the east, that 
is, on the lee-side, only, in the form of a tail. The 
subject we have tried to describe is full of interest 
to all true students of nature. In it, and in its 
field surroundings, he will find full scope for his 
highest powers of observation and inference. And 
he will also find how many difficulties may bar the 
way to an exhaustive scientific explanation of phe- 
nomena perhaps long held to be patent and plain. 


THE GENESIS OF A SWORD. 

By C. Cooper Kino, Lieut. -Colonel RM.A., F.G.S., Royal ^Iilitaky College, Sandhurst. 


I N the earliest ages of mankind, whenever those 
times were, two great necessities must have 
always been present in the daily life of the 
piimeval peoples : first, that of obtaining food ; 
secondly, that of defence against savage animals or 
human foes. When or how the sentiment of 
personal antagonism between individuals first arose 
it would be impossible even to conjecture; but 
that, after a time, members of the same or neigh- 
bouring families, who may have united for the 
common good or for purposes of mutual as- 
sistance, would display differences of opinion and 
jealousies, resulting finally in an appeal to physical 
strength, is certain, from what is known of human 
history through all time. 

The strongest man with his native weapons — his 
fists — was unconsciously the father of all arms and 
all armed strength ; for his weaker antagonist 
would early seek to restore the balance of power 
between them by the use of some sort of weaix)n. 
The shorter-armed man lengthened his striking 
j)OW'er by the use of a stick, and found, after a time, 
the hel}) its leverage and weight afforded him. The 
first case in which the chance-selected heavy-ended 
stiiff or club showed that weight and hardness had 
their value, was a step towards furnishing it with a 
stone head. Hence the blow of the fist was the fore- 
runner of the crushing weapon. In the same way 
the pointed stick became the lance or dagger ; and 
tlie thrown shaft, helped, as knowledge increased, by 
the bow or the throwing-stick,” was the precursor 
of the dart and arrow. The first weapons, therefore, 
were crushing, stabbing, and missile, and were 
probably carried by each fighting-man for the 
different circumstances of combat. From them 
have, almost insensibly, ramified the endless variety 


of forms that modem weapons show ; and the 
successive steps of development have been, broadly 
speaking, the same with all races. In early days, 
it is o^ien to question how far man was the origi- 
nator of new ideas and forms. Such power of 
origination is the result of more skilled brains than 
the early savages possessed. At most they were 
copyists, and copied the details of the gimt page 
of nature’s book that was ever open around them. 
Animals and insects furnished them with ideas and 
lessons ; and, with this gradual mental training, 
arese the power of improving for theii' own pur- 
poses the types of the weapons the animals they 
slew possessed. They furnished man, as he became 
more skilful, with materials for weapons, as well as 
suggestions as to their form. Their bones, teeth, 
and tusks were in themselves, as he well knew by 
exj)erience, formidable for attack and for defence. 

So that, first of all, one may expect to find 
weapons whose very shai)e8 were derived from 
natural tyi)es ; and, next, that in the very earliest 
days materials were very limited. Wood first, then 
stone, and lastly bone and stone, for periods the 
duration of which is so long as to be beyond the 
range of guess-work, were the materials ready for 
Man’s use. The animals he knew of crushed or 
pierced their prey, and he partly evolved from that 
fact his earliest forms of weapons. Hence arises the 
general similarity in character and shape of the 
earliest tools from all parts of the world. Similar 
materials, similar wants, similar sources of in- 
struction, produced similar results. 

The Tartar bow is precisely like that of the 
ancient Scythian ; the axe and sword of the 
African Fans are identical in character with bronze 
celts and daggers from the Irish peat ; the Zulu 
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aSBOgai in shape and grooving of blade differs little 
from the head of the Saxon lance : like causes 
produced like effects. 

Now the weapons of animals, as General Fox- 
Pitt-Rivers has so clearly pointed out, are piercing, 
striking, serrated, poisoned, or missile; and weapons 
made directly from those of some animals were 
used for similar purposes. Spears and lances are 
found made from the weapons of the walrus, boar, 
gnu, rhinoceros, sword-fish, narwhal, and antelope 




Fig. I.~Stabbiiig and Cutting Weapons, derived from 
AtiiTnn.1 rorms, 

(Fig. L, 4), to be used for piercing, as the animals 
themselves used them. The serrated bone of the 
sting-ray furnished both the material and example 
for many a South-Sea-Island spear. The saw-fish 
snout has given the natives of New Guinea a 
ready-made weapon (5), and the setting of the 
shark^s teeth in the jaw has suggested their employ- 
ment in making deadly the edge of a Tahiti sword 
(Fig. V., 5). The curved bulfalo-hom and the wavy 
antelope-horn gave the tyi>es of the Indian kandjar 
(Fig. I., 3) and many other Eastern weapona The 
hollow poison-fang of the venomous serpent not 
only gave a lesson to the South American Indians, 
who use a hollow poison-tipped sj)ear, but indirectly 
suggested holes for poison in the poisoned arrow- 
heads, and grooves for the same pui^pose in the 
mediteval stiletto. The barbed insect sting, which 
held stoutly in its place after it had penetiated, 
fashioned, more or less, the first barbed arrow-head ; 
and, lastly, the breaking off of the sting in the 
hostile body indicated to the Bushman bow to make 
his weapon produce a like effect by half-cutting 
it through close to the head, so that it might break 
off and remain in the wound. 

In the more temperate regions of the West, 
and in some other parts too, most probably, Man 
drew his early lessons from a still more simple 
source. The stones around him furnished his 
crushing, and, at first, very poor stabbing or 
piercing, tools. Long ages probably elapsed before 


he learnt that certain kinds of stone, notoriously 
flint or siliceous rocks, could be so roughly 
fashioned as to liave a real cutting edge. The 
first club tipped with a natural stone must very 
soon have become the roughly-piercing, roughly- 
chipped axe. The production of the first sharp- 
edged flake must, thanks to its cutting power, soon 
have led to the fashioning of the tough and 
workable bones of animals slain in the chase or 
found dead. 

So that nature, either through the medium of 
the animal world, or through its trees and stones, 
must have first given early Man ideas. The 

living soul ” that was in even his primitive race 
made him a facile, ready pupil, capable of gradually 
increasing development, who soon learned to go 
far beyond his mistress in the deadliness of his 
warlike tools. 

Hence, to find the veiy beginning of the sword^s 
history we must go back to an Age of Stone. This 
has two great divisions. The eailiest, or “ Palaeo- 
lithic” age, when stone was merely chipped, is 
sub-divided into — first, that of the Drift-gravel 
people, who were himting nomads, dwellers 
apparently by the sea or river-side ; and secondly, 
that of the Cave people, who, being rather 
more civilised, occupied caves and rock-shelters on 
the escarpments of many a valley. At most, these 
latter were hunters. Both races lived when mam- 
moth and woolly rhinoceros, hyaena and cave-bear, 
great aurochs, elk, and reindeer roamed through 
the vast dense forests of Northern Europe and 
Asia. Designed for crushing and piercing, though 
doing both badly, their weapons are simple enough ; 
axe, spear, lance or dart, and aiTow (Fig. II., 1, 2). 
None of them are sword-like yet, but one carved 
reindeer horn has become the stabbing dagger (4). 
Still the stone lance-heads (3) of the Cave-folk are 
getting longer, and are being chipped along both 
sides. There is the intent to get from the intract- 
able material a longer cutting edge. 

In the next great division of time, that of 
the ‘‘ Neolithic ” age, when mankind had learnt 
to delicately chip and polish their tools and 
weapons, the idea has become a little more 
develoi>ed. All the weapons cut better, all the 
lance-heads are thinner, sharper, and finer; and the 
dagger of stone, though its cutting power be weak, 
is dangerous in a strong hand. Generally the hilt 
and blade are formed from the same block of flint. 
Occasionally it seems as if the blade were intended 
to be fastened to a wooden handle by means of 
thongs or lashings, as the blades of bronze daggers 
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were later on attached to their handles by rivets 
(6 and 7). Certainly the dagger has developed the 
form from which all other hand-weapons have 
slowly but surely come. 

We see it again improved and lengthened in the 
next age, that of Bronze, when skill had so far 
increased that a compound metal could be smelted 
and moulded into shape, and taste and art lent 
their aid to its embellishment. Bronze man had 
much improved his dagger, for it is thinner, 
broader, more pointed, and more dangerous. Its 
leaf-shaped form in some cases, and its wide oval in 
others, point out that the remembrance of stone 
tools still survived in the artist’s mind. Like the 
flint-daggers, they are not very long in the blade, 
and have often enough only a total length of about 
10 inches. The handles of wood (Fig. II., 9), of 
ivory (10), or bronze (8), are often richly decorated, 
and are often peculiarly small. This may either 
imply an Eastern origin for the original type, 
since the hands of Asiatics are as a rule long, thin, 
and sinewy, rather than stout ; or they may have 
been so designed in order to increase the firmness 
of the grip. For stabbing, no play to the wrist is 
required, and neither bronze sword nor dagger could 
do much else. Having no guards to the handle, 
they were not capable of being used for defence. 

As time went on, the bronze dagger grew longer, 
and became a sword ; still at first broad and leaf- 
shaped, but later on straight and pointed. Though 
externally it resembled the sword, it was, after all, 
only a longer-reaching dagger, some 20 to 30 
inches in the blade (16, 17, 18). Its cutting power 
was small. It was no better than the axe, if as 
good. Sometimes the handle was solid, and had been 
cast with the blade ; in other cases it was thinned 
out ; and hence was, probably, plated with wood. 

All historic nations seem to have passed through 
an Age of Bronze. The Assyrian sword was of this 
metal, broad, two-edged, and without a guard (13). 
The Greeks of the “ Heroic Age ” were similarly 
provided (14, 15). In the Iliad we read of Mene- 
laus, that — 

“ Around his shoulders slung, his sword he bore, 
Brass-headed, silver studded.” 

The term “ brass ” has often been used for bronze. 
Jewish swords are so designated, and were not 
large. Though the staff of Goliath’s spear was 

like a weaver’s beam,” his sword could be wielded 
by David’s hand. Pausanias, Homer, and Lucretius 
speak of brass weapons. The Egyptians were also 
a bronze-using people, and probably had some 


method, such as the introduction of phosphorus, of 
hardening the alloy (12), 

Here it is that the sword’s real history begins. 
The true sword cuts as well as stabs, and that can 
only be perfectly done when the weapon is of steeL 
But as bronze became less commonly used, and iron 
took its place, the iron sword at fii-st copied the 
shape of its bronze ancestor, and to some extent its 
nature too ; for the first iron swords were still bad 
cutting weapons, and were only longer and more 
formidable stabbing ones than those of bronze. 
Generally they were broad, two-edged, and pointed. 
The Greeks seem to have used some such weapon 
in historic time. The blade terminated at one end 
in the narrowed tang, over which the bronze or 
wooden handle fitted, as sword-handles fit now. 
The swords found at Hallstadt (22) resemble those 
described by Polybius as used by the Greeks, and 
which were large, blunt, and soft, so that some- 
times they ^‘bent like a strigil ” in cutting, and 
had to be stiuightened with the foot. Those from 
the Swiss lakes are no bcitter. Tacitus says that the 
British swords were pointless, and were intended 
for cutting only ; but this is doubtful. The Frankish 
iron sword was a powerful weapon, often 32 
inches long in the blade, which was two-edged 
and sharp-pointed. With it was generally carried 
the dagger, or scramasaxy which was often grooved 
to hold i^oison. Such swords were not in common 
use in early days, and in some cases were not highly 
esteemed. The franciscay the heavy Gaulish axe, 
was, after the angon^ or barbed spear, had been 
thrown, probably more fonnidable than the soft 
sword, which had not yet become the emblem of 
power and authority. The spear, a walking-staflf 
and at the same time a defensive weapon, was such 
with the Teutonic tribes. 

Certain it is that the first swords after the 
Bronze Age were badly made and rudely tempered. 
They were true iron, not steel, swords, a little 
longer and very little better than the more elegant 
swords of bronze. It was the Roman who first 
produced the powerful weapon combining the 
virtues of the cutting and cleaving axe with those 
of the stabbing spear and dagger. It was the 
Roman gladntSy shai’p, of highly-tempered steel, 
and strongly piercing, that was the first real sword 
(19 — 21). Considering how common they must once 
have been, it is extraordinary how few undoubted 
specimens have been met with. Some five only 
are known — one found at Bischofsheim (21), 
near Mayence, was 1 J inches wide and 25 inches 
long (over all), and had the point perfect and 
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almost quadrilateral in section. It was a powerful 
stabbing weapon, and was worn on the right side. 

The Saxon sword (23, 24, 25), as may be ex- 
pected, was evidently well-tempered and well- 
made. It was not even then an ordinary weapon, 
and was rarely worn by a man under the rank of 
Thane. At Brighthampton, those found were 35^ 
to 37| inches long, and 2^ inches wide ; but sixty 
graves only produced four swords. The Saxon had 
become j^eaceful, and every man was not a warrior. 
Many a skeleton, unlike the custom of the Frankish, 
or even earlier nations, had merely a small knife 
by its side. At Fairfoid, in Gloucestershire, one 
Was discovered with portions of the metal orna- 
ments of the scabbard still adhering to it. It was 
31 J inches long in the blade, with a handle of 
inches (24). As a rule, they were straight 
cut-and-thriist blades, with a double edge and a 
broad point. One found at Osnagel, in the Isle of 
Thanet, had a broad back and one edge, like a 
modern sword ; but this is rare (25). Found, with 
horse-trappings, in the burial-mounds of Saxon 
chieftains, they were long weapons, suitable for 
mounted men. 

From this ])eriod forward the character of the 
sword among the Western nations varied with the 
nature of the defensive armour that was adopted. 
At first they were simply developments of the 
broad iron blade of tlie early days, the blades being 
flat or somewhat coinex in the centre, and occa- 
sionally made stronger by a central rib or ridge. As 
armour became stouter, so the sword was strength- 
ened oi stiffened, and at the same time lightened, 
by grooves or canelures. A mere cutting weapon 
was of no use against mail or plate. The sword 
had to do the work of the axe with its edge, and 
yet be still available for a thrust. 

Thei'e are three methods of using the sword-edge. 
First, slicing, with wrist and elbow stiff, when the 
cut is given by the muscles of the back and 
shoulder. This is suitable to the sharp curved 
swords of Eastei-n nations, the action being that of 
drewing and cutting. Secondly, chopphig, with 
shoulder and fore-arm, when the wrist has a little 
play, and the edge is not drawn across the object 
struck. This obtains among Western nations even 
now. Thirdly, whijyping, with the wrist only, as 
in the case of the German Schlager.” 

Of these, the second would be of most value 
against body-armour ; and the mediseval swords, 
therefore, are stout, straight, and wide (29 — 32). 
Fencing, moreover — that is, the defensive use of 
the weapon to guard and parry, as well as to be 


employed offensively — seems to have been little 
regarded. The hilts are plain and simple, and 
there is no attempt made to protect the hands, 
clad as they were in mail. The swoixl had only 
become a good thrusting and cutting weapon, but 
not yet a good guarding one. That from the river 
Witham, in Lincolnshire (29), with its motto on 
both sides, and those frem Denmark (26, 27, 28),. 
are evidently strong enough to be used against 
armour; and the one found near the site of a 
Preceptory of the Knights of St John of J erusalem, 
at Sutton’s Hone (30), in Kent, is of the same 
character. There was not much alteration, appa- 
rently, thought necessary in early mediaeval days. 
The sword ascribed to Guy, Earl of Warwick 
(31), is only a longer, better-made weapon, but 
still shows no indication of real improvement. The 
age was one of brute foree, and the swords are 
mere brutal, heavy, chopping weapons. In their 
plain cross-hilt (32), which varied little in form 
from the Norman Conquest to the fifteenth century^ 
is the only evidence of a higher feeling. The oath 
of the knight, sworn upon the cross of his sword, 
was held sacred, because of the religious emblem 
it represented. 

Armour varied in its character from time to 
time, but only to become stronger and heavier, 
until the introduction of fire-arms caused its partial, 
and finally complete, disuse. Thus, while mail- 
armour (which disappeared about A.D. 1300), mixed 
mail and plate (about 1410), and plate-armour 
(about 1600) lasted, the character of the sword 
varied little, save in fanciful alterations in length 
of blade, and shape and decoration of the hilt. In 
Southern Europe, about the fourteenth century, the 
blade tiret became nan’ower and more pointed, and 
the hilts were so constructed as to begin to guard 
the hand. Still, the change was slow ; and it was 
not until Gustavus Adolphus did away with limb- 
armour altogether that the alteration of the sword 
into either the single-edged weapon, or else the 
rapier-blade, became general and common. 

During all these early times the sword was 
treasured and highly prized. Joan of Arc took 
her battle-sword from a knight’s tomb in the 
Church of S. Catherine de Fierbois ; and the custom 
of consecrating the anns and armour of the newly 
made knight led to his sword being thought 
worthy of a place within the holy precincts of the 
sanctuary. In Saxon times, again, they were rare 
enough to bo the subject of special bequeathment 
JEthelstan, the son of -^thelred II., mentions in his 
will the sword of King Offa, the sword which 
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TTlfeytel owned, and that with the silver hilt which 
Wulfric made.” In Japan, until recent times, the 
well-tried sword was handed down from father to 
son as a precious heirloom. Many European swords 
caiTied texts or inscriptions on their blades, such as 
I.N.R.I., ‘*In te Domine and in other cases the 
name of the place where they were made, as Solin- 
gen, Sahagun, <kc. ; and in others the maker’s stamp 
or name, as Andrea Ferrara. In romances and 
troubadoui’s’ tales, too, they bore especial names. 
Charlemagne’s Fusberta Joyosa ; Arthegal’s Chry- 
saor ; St. George’s Ascalon ; Agricor’s Tranchera ; 
Rogero’s Balisarda ; Orlando’s Duiindana ; and 
King Arthur’s Oaliburn or Excalibur, Mordure, 
and Margalay are instances of the quaint and 
fanciful titles applied to the trusty weajK)n. 

The prices paid for them were high, considering 
the value of money in those days. In the reign of 
Henry IV. a two-handed sword cost 10s., and a 
single-handed sword, 6s. 8d. 

The sixteenth century pi-oduced many varieties 
both of blade and hilt, and the revival of art led 
to an excess of decoration. With the disuse of 
gauntlets, in the time of James I., the plain 
cross-hilt became more or less basket-shaped, so 
as to enclose and protect the hand (33 — 37). 
Still, the swords were, on the whole essentially 
trenchant. Many of the two-handed swords, or 
^‘espadons,”such as those from Rochester and Can- 
terbury (40, 41), were probably merely state 
weapons, to be carried in processions or at high 
ceremonies ; though th(5y were the national weapons 
of the Swiss in the time of Charles the Bold. Even 
the wavy, flamboyant blades that distinguished 
some, of these swords, as well as those more easily 
wielded, may be ascribed either to grotesque fancy 
or the idea that the form of the edge influenced its 
cutting power. It is not likely that any religious 
sentiment caused this peculiar shaping, as may 
have been the case among Eastern nations. 

But the chief and most remarkable change is the 
growing tendency to produce either a one-edged 
weapon or a mendy ix)inted one. In both cases the 
blades of the many forms that distingjiish the six- 
teenth and seventeenth centuries are marked by 
grooves, or canelures, that were rare among the flat 
or ribbed swords used against armoured men. 
The heavy cleaving type of sword ceased to be 
necessary. Grooves serve two offices : that of 
lightening the actual weight of the blade, and of, 
at the same time, stifiening it without interfering 
with its elasticity. It must be remembered that 
all cutting tools have an edge set at certain angles 


for certain work. Tims a knife-blade, which cuts 
soft materials, has the two sides set at an angle of 
from 10° to 20° ; the chisel, to cut materials a little 
harder, such as wood, is best set with an edge of 
25® to 36° ; while to cut bone or metal, an angle of 
40® is most suitable. But a blade with a complete 
triangular section, having its leading or cutting 
angle at 40°, would, if wide, be very thick at the 
back, and needlessly heavy. Hence, while the 
majority of swords have an edge of a similar angle, 
different methods have been taken to first diminish 
the thickness of the back, and then stiffen it by 
grooves. 

The sections of different one-edged blades, 
though of great variety, are typified in Fig. V, 
( 8 - 11 ). 

The newer form of the hilt, when it enclosed 
the hand, limited the power of cutting to one 
side of the sword, while the sim})le cross-hilt 
admitted of either edge being used indiffei-ently. 
Grooving, therefore, followed naturally on the 
alteration in the character of the weapon. Tims 
the still somewhat broad blades of Mediieval times 
often show several grooves, of which Fig. V. 
(17 — 21) gives examples. In the first two illus- 
trations they are correctly j>laced to stiffen the 
sword, but have a tendency to weaken it ; the third 
is bette^r, as less metal is removed ; the fourth is 
the old “ regulation ” tyi)e, and is a bad form ; 
while the claymore section — the 5th — is again well- 
considei'ed (United Service Institution Papers). 

The claymore may be looked on as transitional 
between the trenchant weapon of the Middle Ages 
and the single-edged one of later times. But its 
heavy basket-hilt cramped the hand, and rendered 
it bad for parrying, as the early iron swords were, 
though from a different causf^. But as with them 
the protection came from the mailed glove and the 
armoured dress, so with the Scottish claymore the 
target was used to ward off the hostile blows. 
The reason for its being two-edged it is difficult to 
account for, excej)t as a survival of the ancient 
forms. The most noted sword-maker in Scot^ 
tish history, Andrea Ferrara, lived and worked in 
the early part of the sixteenth century, when the 
traditions of his predecessors in the armourer’s 
craft had not yet died out. His blades are 
needlessly heavy and powerful, except where ar- 
mour had to be encountered ; and their retention 
to so late a date as the eighteenth century may 
be attributed rather to the isolation of the nation, 
and the tendency to hand down the weapons as 
treasured heirlooms from father to son, than to 
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any special merit in their form or character (Fig. 
IL, 46). 

But the total abolition of armour, and the 
fashion of wearing swords as the distinction of 
a gentleman, produced a great and corresponding 
change in the nature of the fighting tool. Fencing, 
as an art, was capable of rendering a much slighter 
weapon deadly to use, and more elegant and grace- 
ful to carry. So that, for all purposes, except in 
the actual field of battle and the cavalry charge, 
the purely thrusting rapier took first place. It was 
better for personal conflict between individuals. 
While to deliver a cut the arm and wx*apon 
passed through the arc of the circle, to deliver the 
point involved the passage along its choi’d. With 
a quick eye and steady wrist, therefore, the rapier 


to the Biscay pattern. The fourth case shows the 
French duelUng-sword ; and the ordinary Georgian 
walking-rapier is shown in the fifth illustration 
(U. S. I. Papers). But the form and character of 
the civil weapon infiuenced its military prototype. 
The fighting swords of the late eighteenth and early 
nineteenth centuries show the wea^x)!! with the 
rapier hilt ; but with a rather wider, fiat, single- 
edged blade, still having the power of cutting, but 
more useful as a thrusting sword (Fig. II., 43). The 
German factories of Solingen furnished many such ; 
but the wide, shallow groove that lightened them 
weakened them for cutting. Worn similarly 
to the rapier, and used as a sabre, they had the 
true advantages of neither. They mark a period 
of tmnsition to one almost of decadence. During 
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was l^etter than the bioad.sword. Its api^earance 
was not sudden, however. In the sixteenth century 
rapiens with flat or veiy slightly triangular blades, 
often immoderate in length, were u,sed in France, 
Spain, and Italy. But the seventeenth and 
eighteenth centuries witnessed its full develop- 
ment (39 and 42). The blades are, as a nile, veiy 
narrow ; the hilts have merely a single narrow 
guard for the back of the hand, and a broad ba.se 
to protect the fingers in thrusting. 

Here, again, the nonnal rhomboidal, or flat 
triangular, section of a straight thrusting weapon is 
altered, lightened, and stiffened by grooving. If 
the blade were merely flat and thin, as in the 
fencing-foil, it would be too flexible, and too liable 
to break. The sections have been modified, there- 
fore, as in Fig. V. (12 — 16). The fii’st is the so- 
called Saxon type ; which, lightened, becomes the 
second example ; and still further grooved, as in the 
third, the Toledo blade (Fig. II., 39) ; while, where 
tlie original form was triangular, it became changed 


the long y(?ars of peace that followed the Napoleonic 
wars, the sword as a civilian weapon liad ceased 
to exist, and as a military one had few opiX)rtuni- 
ties of development. Too much stress had been 
laid, even before that time, on the weight of the 
soldier’s sword. Cavalry swords of the early part 
of the present century, and of the yeomanry and 
mounted volunteers of that time, are clumsy and 
unscientific. With gixat width of blade, and a 
tendency to increase the width towards the point 
(Fig. IL, 44), they were not improved as cutting 
weapons, and were almost useless as thrusting ones. 
The evident idea that weight at the swcrd-end was 
valuable in enhancing the force of the cut is 
faulty in theory and practice. It was a retro- 
gression to the principle of the axe rather than an 
advance in the true method of construction of 
the sword. 

But contact with Eastern nations, whose swords 
were essentially cutting tools, led to a better appre- 
ciation of the form which the newer circumstances of 
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warfare had rendered necessary. The modem 
sword is so rarely used that it may as well combine 
within itself all the powers of which the weapon is 
capable. It must guard, be good for thrusting, and 
be useful for cutting. And a good modem sword 
fulfils these conditions. Slightly curved, but not 
so much so as to impede its pointing power, not so 
wide as to be too heavy, stiffened by gi'ooves to be 
capable of use as a rapier, its blade, with an edge 
on one side along its length, is flattened at the 
I)oint, where it is ribbed for strength, into a two- 
edged sword (45). Its hilt has a wider guard, and 
is intermediate between the rapier type and that 
of the basket form. 

Adopting the principles that have obtained at 
various times, it is a good all-round weapon in 
skilful hands. 

But while the Western nations, with heavy 
armour and great personal strength, have been led 
to adopt throughout tlieir history a more or less 
straight blade, the Eastern races have, almost with- 
out exception, preferred tlie curved sword (Fig. HI.). 
Sinewy rather than strong, quick and dexterous 
rather than determined, they have made cutting, 
instead of pointing or chopping, their system of 
swordsmanship. They seem to have moulded their 
swoixls to their system, leather than allowed their 
swords, as in the case of the rapier, to alter their 
method of fighting. Guai'ded by light and flexible, 
and therefore not easily crushed, armour, so different 
from the ponderous mail and plate of Euro]>e, they 
trusted mther to the cut of the sharp curved edge 
than the downright blow of a straight edge. The 
Turkisli scimitar, the Persian and Central- Asian 


whole force of the muscles of the back and shoulder 
Hence it is that the hilts of many Eastern 
swords are sm^l, and that the boss, or pommel, at 
the end of the hilt is large, so as to prevent the 
sword from slipping when the drawing cut is made 
(Fig. IV. , 2), Similarly, in other cases, the backward 
curve of the pommel of the Turkish yataghan is so 
formed as to resist the effort of the drawing cut to 
pull the weapon from the hand (4). Smallness of 
hilt is not necessarily chosen, because Easterns are 
naturally small-handed, but possibly to ensure a 
firmer grip. 

Then, again, there is much greater divergence of 
type in Asiatic swords ; and, though some may be 
due to accident or fancy, others are based on 
religious feeling. The wavy blade, resembling the 
conventional tongue of fire (and technically called 
“flamboyant” in the West), may well be due to the 
influence of the priests of fire or of the sun. Thus 
the Persian scimitars (Fig. IIL, 1) are often wavy, 
as also are the Malay creeses (3). Tliese latter, 
intended for stabbing only, have the cross of the 
hilt correspondingly large and strong, to aid in 
pressing the blow home. Doubtless, the waviiiess 
may be sometimes copied from the curvature and 
ornamentation of the antelope-hom dagger (Fig. I., 
4), which has even in modem times served as a 
weapon. Similarly, the shaj^e of the animal’s 
horn, of which some daggers were made (Fig. I., 
1), has repeated itself, firstly, entirely in metal 
(2), and, lastly, in metal with ivory hilt (3). 

Other distinctions in form seem to be tribal and 
local rather than general. The (liinese s'words, two 
of which are carried in the sjimc^ sheath, are short, 


swords, and the Indian tulwar 
are extensively curved. There 
seems to be no reason to apply 
a religious origin to this form, 
though it is common and almost 
special with Mohammedan na- flv 
tions. ^ 

For mere slicing pur})Oses, the ^ ^ 

line of the hilt should be at an li f 

angle with the line of prolonga- 0 j 

tion of the blade. It causes the I ^ / i 

edge to fall forward, or, as it is | ^ / 

called, makes “ the edge lead liSSJ 
forward well.” Thus the curved 
edge cuts like an acute wedge, 
and as if it were much broader and thinner 
than it is. It gives an enormous increase in real 
cutting power. Such work recpiires a firm grip 
and a steady wrist, the cut being given by the 
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straight, two-edged, and pointed (Fig. III., 5). The 
Bashi-Bazouk or Circassian dagger (6) is stmight, 
broad, two-edged, and shaip-pointed, resembling 
the Roman gladius in blade, and the archaic bronze 
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Bwoixk in hilt. Many of the Mahratta swords are 
quite straight ; and some have the hilt formed like 
an iron gauntlet, in prolongation of the long blade, 
preventing wrist-action altogether (4). The Al- 
banians and some others carry a sword rather 
longer than the last, but with the edge thrown 
forwai*d by the slight forward curvature of the 
blade (7). This is carried further and increased 
in power in the Ghoorka knife, by making the foi’e 
part of the blade considembly wider and heavier 
(8). Both these and all similar forms seem 
to indicate that their object is to make the blow 
both a chopping and a drawing one, A well- 
trained Ghoorka can, it is said, decapitate an ox 
by one blow" of his formidable “ kookerie.” 


solid metal, the ancient method of attachment by 
a twisted cord, which now has no meaning. In 
the tulwar (2), again, the way in which the 
original blade with a broad top was lashed by 
cords to the hilt is clearly indicated. The 
Mahratta spear-head (3) points out, from the 
character of the lines on its iron socket — part of 
the bifid head itself — that the first pattern was 
lashed to the shaft by a cord. The tongue at the 
base of most Indian, Persian, and Turkish swords 
is the metal rej^resentation of the projection from 
the hilt of the sword, round which and the under- 
lying blade the fastening was passed (4). 

There is a further similarity to be traced in the 
probable rhomboidal point of the Roman gladius 



Fig, V,— Development of the Swohd imono Savages; akd Sections op Swobl-bladeb, 


Evidently these curved forms lend themselvcss to 
a system of cutting or slicing sword-play, difterent 
entirely from the methods that have through all 
historic time characterised the use of the weapon 
in Europe. Either cuiwed forward or backward, 
the efiVict of the cut is enoimously enhanced. 
Thus the cutting section of the blade is much more 
formidable at the curve than on the straight ; and, 
as all Eastern blades are kept exceedingly shai’p, 
the mere form of the curve, if the hand be merely 
advanced or drawn back, facilitates, and in fact 
necessitates, a deep cut. 

In all these weapons, European as well as 
Eastern, the ornamentation is very frequently but 
the survival of the methods by which blades were 
fixed to their hilts. As a rule, it must be remem- 
bered, the latter were made separately, and 
attached by thongs or rivets. Thus in the Malay 
creese (Fig. IV., 1) the hilt shows, carved in the 


and that of the Mahratta dagger (5). Both were 
chiefly intended to give a deadly thrust. Certainly 
the Indian weapon with its stiff-wristed fore-arm 
hilt had no other raison cPHre, Similarly the deep 
ornamentation and holes often found in daggers are 
not always evidence of the present use of poison, 
but indicate certainly its former use in similar 
weapons. 

Among savage nations the sword does not rank 
so highly as the spear or club. It belongs to a 
higher civilisation than that which is satisfied with 
hand-to-hand weapons of wood and stone. But the 
development of the club into the sword is easily 
traceable, though the ultimate resultant is far 
inferior to the metal blades of even the Bronze Age. 
Fig. V. shows the successive steps. The New 
Zealand club (1); the Indian colleree stick (2), 
often used as a missile ; the Iroquois club (3, 4), 
rendered, good for piercing or cutting as well as 
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crnshing by a deer-hom point at first, and by an 
iron blade later on, in times when metal was pro- 
cm*able; the Marquesas (5) or Tahiti cutting 
instrument, armed with sharks’ teeth ; the Eskimo 
and Australian sword (6), in which chips of meteoric 
iron, obsidian, or glass, cDre inserted in a cleft in the 
side of a stick, and fastened by cement; and, 
lastly, the Mexican Maquahuilt (7), or wooden 
sword, armed with sharp, razor-like flakes of 
obsidian, are the progressive steps of savage life 
towards the sword. The last-mentioned was deadly 
enough to be ranked with its iron compeer, for it 
is said to have been capable of cutting off a limb. 
In this respect it is the highest type of a sword 
made of other materials than metal. 

Of all weapons, the sword has held throughout 
historic time the highest place. Its use implied 


the personal courage of the individual at close 
quarters. The arrow might slay at a distance, and 
be discharged by a coward. The spear, again, if 
long enough and deftly held, could kill without risk 
to the holder thereof, unless the adversary were 
similarly armed. But the sword meant personal 
conflict, where the victory was not always to the 
strong. Rightly it is the sign of might and of 
governance, for it implies both the will and power 
to execute the behests of its holder. It is one of 
the insignia of authority, because it is the sign of 
courage and of skill The sword of justice 
symbolises the reign of order and law. The officer’s 
sword is to-day the outward sign of his commission 
from the Queen. The flaming sword at the gate 
of the primeval Paradise represented the force of 
righteous power, and is a religious emblem too. 


HOW TO MAKE A CHEMICAL ANALYSIS. 

By Professor F. R. Eaton Lowe, M.A., Ph.D. 


T he combustion of gases, the spontaneous igni- 
tion of solids in air and in water, the beautiful 
transitions of colour produced by precipitation, the 
transformation of solids into liquids, and liquids 
into solids, the detonation of fulminates, the ex- 
plosion of mixed gases, the smoke-rings of phos- 
pliuretted hydrogen, the symmetrical forms of 
crystallisation, and the wondrous revelation of the 
sixjctroscope, are some of the phenomena which 
have attracted many of our most eminent chemists 
to the study of a science in which they have after- 
wards gained so much distinction. 

The determination of the constituents of a com- 
pound substance, and of the proportions in wdiich 
such constituents exist, are operations which tax 
his resources and ingenuity to the utmost, and 
constitute a crucial test of his knowledge, care, and 
manipulative skill. 

The candidates who take the chemical paper at, 
say, the University Local Examinations, are 
expected to give practical proof of their know- 
ledge of testing. For this purpose a number of 
substances, such as metallic oxides and salts, are 
presented for analysis. Some of these salts, the 
composition of which is, of course, unknown to 
the candidate beforehand, are simple, that is 
to say, consist of one ‘‘ acid ” and one “ base ” 
only, while others are mixtures of several acids 
and bases. A knowledge of qualitative analysis 


only is sufficient to pass the student in this 
paper. A substance is examined qualitatively 
when it is sought to ascertain the constituents 
which enter into its composition, without regard to 
their relative quantities ; but when we wish to 
discover the weight or volume of such constituents, 
the analytical processes to be employed are of a 
difierent kind, and are termed quantitative, A 
quantitative analysis involves much greater mani- 
pulative difficulties, and requires to be conducted 
with much more care and exactitude than one 
which is simply qualitative ; for the slightest loss 
or error in collecting, drying, or w^eighing the pre- 
cipitates will sadly vitiate the results. Some 
expertness in what may be called mathematical 
chemistry is also essential. The law of chemical 
equivalents, for example, furnishes the student 
with the means of calculating the proportions of 
acid and base in any given salt without actually 
isolating and weighing them. 

We proceed to explain a very easy method for 
the analysis of a simple salt, which can be learnt in 
a few days by an intelligent student, who need not 
necessarily possess anything but a mere smattering 
of the science to enable him to pmctise it with 
success. By this method the following ‘^acids’’ and 
“ bases ” can be readily detected, provided that the 
salts to be analysed are pure and free from organic 
or other extraneous matter. 
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Claas I. — Potassium, Sodium, Ammonium. 

„ II. — Barium, Strontium, Calcium. 

„ III. — Manganese, Iron (protosalts), Magnesium, Cad- 
mium, Bismuth. 

„ ly Zinc, Tin (protosalts), Aluminium, Lead, Tin 

(persalts). Antimony. 

„ V. — Mercury (protosalts). 

, Copper. 

„ VII. — Nickel, Chromium, Iron (protosalts and per- 
salts mixed). 

„ VIII. — Mercury (persalts). Gold. 

„ IX.— Iron (persalts), Silver. 

Acifh. 

Class I.— Nitrates, Chlorates, Chlorides, Iodides, Arse- 

nites. Sulphides. 

„ II.— Fluorides, Phosphate, Arseniates, Borates, 

Oxalates. 

„ III. — Carbonates. 

„ IV.— Sulphates. 

„ V. — Chromates. 

Before commencing operations, we must have at 
hand the following reagents in solution : — Soda 
carbonate, ammonia, caustic potash, potassium 
ferricyanide (red-prussiate of potash), and sulphu- 
retted hydi-ogen. To make these solutions properly, 
w^e must provide ourselves with some of the simpler 
pieces of apparatus already described.* The most 
essential of these are the following : — three or four 
Bat-bottomed glass flasks, varying from four to ten 
ounces in capacity, a few beakers of similar capacity, 
some glass stirrers, a small jwrcelain mortar, some 
platinum foil and wire, a pipette, a dozen large 
test-tubes, test-tube holder, two small tubulated 
retorts, retoi’t-stand, thi-ee or four feet of narrow 
glass tubing, glass funnel, filtering paper, red and 
blue litmus paper, and a spirit lamp, or Bunsen’s 
burner. We are now in a position to prepare our 
reagents. We begin with the soda carbonate, of 
which we have to make a saturated solution to be 
preserved for testing purposes. 

To make a saturated solution of any salt it is 
best to use boiling water, as more of the salt is 
likely to be taken up, although this is not always 
the case, for common salt (sodium chloride) dissolves 
equally well in hot and in cold water. We will 
then select a flask capable of holding five or six 
ounces, and nearly fill it with distilled water. An 
ample supply of this water must be always in 
readiness, as no other can be used for analytical 
purposes. Distilled water is usually prepared by 
means of the apparatus figured in Vol. IV., p. 196 ; 
but failing this, an ordinaiy retort fitting into a 
bottle by way of receiver can be employed (Fig. 1). 
The distilled water usually sold by the druggists is 

• ‘‘A Chemical Laboratory:” Science for All,”VoL IV., 
pp. 195-202. 


impure, having been made in copper retorts. If 
the water gives the slightest precipitate with barium 
chloride or silver nitrate, it must be rejected as 
containing salts of lime, or traces of sodium chlorida 
Having adjusted our flask upon the ring of the 
retort-stand, about two indies above the lamp, or 
Bunsen’s burner, which is far preferable, we heat 
the water, and add in small 
portions at a time the car- 
bonate of soda previously 
reduced to a fine powder 
in the mortar. The powder 



Fig. 1.— Simple Form of Apparatus for Distilling Water. 

a. Long-necked Ketortt b. Plask ; r, Bnain of Cold Water for Coudenslng 
Stcaiu. 


must not be taken up with the fingers, but may be 
dropped into the flask from a piece of glazed writing- 
paper. The water is saturated when no more of the 
powder is dissolved after repeated stirring. Allow 
the solution to cool, and pour into a stoppered bottle 
for use in subsequent oi)erations. Witli regard to 
our second reagent — liquid ammonia — no prepara- 
tion is necessary, as the saturated solution used in 
testing is kept in a sufiiciently pure state by every 
chemist. The third reagent to be })repared is 
solution of caustic potash (potassium hydroxide). 
This is sold in the form of round sticks or irregular 
lumps, and the solution is made and saturated in 
the same way as our standard solution of soda 
carbonate. 

The solution of femeyanide of potassium, or red 
prussiate of potash, is similarly prej)ared, but to 
make the solution of sulj)huretted hydrogen, we 
shall have to fit up the necessaiy apparatus for pro- 
ducing the gas and conducting it into the water to be 
saturated. An arrangement for this purpose is repre- 
sented in Vol. IV., p. 197, where three flasks are em- 
ployed for generating, washing, and collecting gas. 
In the first bottle the gas is produced by the action 
of dilute sulphuric acid upon iron sulphide ; in the 
second bottle it is washed, or purified, by being 
allowed to pass through a small quantity of water ; 
and finally, in the third, it is absorbed by the 
water, which takes up many times its own volume 
of the gas. 

This solution is a very valuable test for many of 
the metals, with which it produces sulphides of 
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characteristic coloura The stopper of the bottle in 
which it is kept must be replaced immediately after 
use, as the solution decomposes by the action of the 
air, and becomes discoloured. 

We are now ready to begin our analysis ; and a 
simple salt, in crystal or in powder (the latter is the 
usual form, as being less recognisable), being handed 
to us for examination, we proceed to divide it into 
four portions. One of these portions serves for the 
detection of the base, another for the acid, and the 
remaining two are reserved for confirmatory tests. 
Having made a solution of the salt as strong as the 
quantity at our disposal will permit, we pour a 
small portion into a wide test-tube, and add, drop 
by drop, solution of sodium carbonate. If we i>er- 
ceive no precipitate, especially after boiling, then 
we ai^e to presume that there is present one of the 
metals in Class L Which of them it is, we now 
proceed to deteimine. Take a little of the dry salt, 
and mix with it an equal quantity of dry sodium car- 
bonate, together with a few drops of water. Heat the 
mixture in a test-tube or small evajiorating dish, and 
if tlie well-known pungent odoui* of ammonia is pro- 
duced, then we ai'e cei^tain that the unknown salt 
contains the base ; but if not, we must 

])roceed to discriminate between the remaining two 
metals — ^potassium and sodium. Take a little of 
thei salt, and fix it in the loop of a platinum wire, 
and heat it in the blowjiipe oxidising flame, as in 

n yy Fig. 2. If a strong 

yellow colour is com- 
inunicated to the flame, 
the metal present is 
sodium; but if there is 
no change of colour, or 
^ XI- a slight tinge of violet 

Pig*. 2.— Exposing Bead to the , ® t i 

Oxidising Flame. is perceived, the metal 

Point ol BlowpiiK*; riatinum Wire. , , , . 

must be potassiiun. 11 
the smallest trace of soda is present in a salt of 
potassium, the yellow coloui* alone will be observable 
in the flame. It is, therefore, advisable to employ 
two additional confirming tests. 

To a concentmted solution of the salt add a di’op 
of bichloride of platinum. A yellow pj^ecipitate indi- 
cates potassium, while no precipitate indicates sodium. 
To another portion of the concentrated solution 
add a few drops of a strong solution of antimoniate 
of No precipitate indicates potassium, 

and a white precipitate, slowly formed, indicates 
sodium. 

We have thus shown how the metals in Class I., 
which ai’e the bases of the alkalies, can be readily 
determined. If at the commencement of our 


Pig. 2.— Expoging Bead to the 
Oxidising Flame. 

Point ol BlowpiiK*; h. Platinum Wire. 


oi)erations we obtain a precipitate without carboiiaiie 
of soda, we know that these three metals are ex- 
cluded, and that we must look for the base amongst 
the remaining eight classes. In this case the pre- 
cipitate gives no further indication, and we proceed 
to make a trial with the next reagent — liquid 
ammonia. 

To a fresh portion of the solution we add the 
ammonia drop by drop. If we get no precipitate 
we are sure that there 
is present one of the 
metals in Class II. — 
barium, strontium, or 
calcium. To determine 
which of these our salt 
contains, w^e adopt the 
following means Add 
to the solution a few 

drops of iwtaasium bichromate^ and if a pre- 
cipitate is obtained the metal is barium ; but if 
there is no precipitate, take another jiortion of the 
concentrated solution, and add solution of yellow 
chromate of potash^ or potassium chromate. If a 
precij)itate is formed the metal is strontium, but if 
not it is calcium. We can here again have re- 
course to that useful instrument, the blowpipe, to 
confirm the above indications. Make a little bead 
with the dry salt at the end of a jdatinum-wire, 
moisten it with water, and heat in the reducing 
flame, as in Fig. 3. If a green colour is communi- 
cated to the flame, the metal present is barium. 

If the flame becomes red, the metal is either 
strontium or calcium. These may be distinguished 
from each other by solution of sulphate of lime, 
which gives a precijutate with strontium, but not 
with calcium. 



We have thus disposed of Class II. ; but if we 


succeed in getting 
a precipitate with 
the liquid ammonia, 
we must proceed to 
test a fresh portion 
with caustic potash. 
The solution must 
be droj)ped in by 
means of a j)ii>ette 
(Vol. IV., p. 200), 
as a slight excess of 
the reagent may 
dissolve the pre- 



Pig. 4.— Testing with Caustic Potash. 


cipitate at first formed, or prevent its fonnation 
altogether (Fig. 4). If we obtain a white i)recipi- 
tate with the caustic potash, we proceed to ascertain 
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whether the precipitate is soluble or insoluble in 
excess of the reagent. 

This action of potash is important, as it furnishes 
us with the means of distinguishing the metals in 
group three from those in group four. If the pre- 
cipitate is insoluble, the metal must be sought for 
amongst those in Class III., but if it dissolves or 
disappears, the metal is one of those in the next 
dass. 

The metals of the lii-st of these groups are dis- 
criminated as follows : Add to the solution of the 
unknown salt some red prussiate of potash ; if we 
get a brown precipitate the metal is ma'iigaiieae ; if 
blue, it is a protosalt of iron ; if there is no precipitate 
it is iiiagiiesium. The remaining two metals are 
distinguished from each other by sulphuretted 
hydrogen, which gives a yellow sulphide with 
cadmium, and a black one with bismuth. To 
confirm these results we again call in the aid of our 
blow-pipe. Make a borax bead on the platinum 
wire, which is easily done by making the wire red- 
hot in the flame and dipping it into some powdered 
borax. Melt a little of the dry salt which we are 
analysing into this bead, and heat it in the outer 
or oxidising flame ; the bead will acquire an ame- 
thyst tint — in fact, this action of manganese gives 
us a clue to the manufacture of artificial amethysts. 
Again, mix a few gi*ains of the dry salt with an 
equal quantity of dry carbonate of soda, and put 
the mixture into a little hole scooped out in a piece 
of hard charcoal. Direct the point of the blowpipe 
flame upon it for a few Seconds, and we shall obtain 
a kind of gieen glass. When we come to iron we 
may use as a confirming test potassmm ftrri- 
cyanide (yellow^ prussiate of potash). This gives 
a w^hite precipitate with protosalts of iron, which 
how ever rapidly turns blue, and a dark blue pre- 
cipitat(‘ with persalts of iron. 

If we find that the white precipitate obtained by 
caustic potash is re-dissolved by excess of that re- 
agent, w^e proceed to test another portion of solution 
with potassium, ferricyanide, A reddish-yellow 
precipitate indicates zhw ; a white precipitate 
indicates a protosalt of tin; the remaining four 
metals can be easily discriminated by sulphuretted 
hydrogen, which gives no precipitate with alumi- 
nium, a black one with lead, a yellow one with a 
persalt of tin, and an orange one with antimony. 
Salts of le^ are well adapted to illustrate the action 
of the blowpipe. If a little of the salt is mixed 
wdth carbonate of soda or microcosmic salt as a flux, 
and heated upon charcoal (Fig. 5) in the inner or 
reducing flame, the metal will, in a few seconds, be 


reduced; that is to say, its aflGmity for the acid 
witli which it was associated will be overcome, and 
it will appear as a bright metallic globule on the- 



Fig. 5.— Assaying upon Charcoal. 

charcoal The experiment may l)e repeated with 
similar results with a salt of tin or copper ; but if 
the base is volatile, as in the case of mercury, a 
combustion-tube must be used, when the metal will 
be sublimed, or appear as an incrustation upon the 
side of the tube. Tlie inner blowpipe flame only 
is adapted for the purpose of reduction, because 
here, as in the interior flame of a candle, the com- 
bustion is imperfect, and the heated car>)on seizes 
upon the oxygen of the salt and releases the metal 
In the outer flame the reverse effect takes place : 
for here the air has free access to the flame, and 
being highly heated, is ready to part wdth its 
oxygen to any metal that may happen to be in the 
way. Tlie experiment may Ik^ tried with a small 
fragment of lead, heated upon charcoal in the outer 
or oxidising flame. The temperature of this flame 
is sufficiently high to melt the lead, which does not 
liquefy below 600® F. ; and it will soon become 
converted into a greyish powder, and subsequently, 
by the absorption of more oxygen, into a yellowish 
mass composed of brilliant scales. This is the well- 
known litharge, or lead monoxide (PbO) so much 
employed in the arts. 

This litharge can readily be reduced, or recon- 
verted into a bead of metallic lead, by heating in 
the inner flame. Tlie student should try his powers 
with the blowpipe on salts of tin, bismuth and 
antimony. 

The beads of these metals may be distinguished 
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from those of lead by not being malleable or con- 
vertible into yellow oxides. Beads of bismuth are 
brittle, and those of antimony when allowed to fall 
from the charcoal divide into a number of smaller 
globules, which emit a thick, white smoke of 
antimony oxida 

To return to our trial with caustic potasL If 
we get a black precipitate the substance will be a 
protosalt of mercwry ; and blackish precipitate is 
sometimes obtained from gold, but the two may 
be distinguished by trial with jJotasHutia Jerri- 
cyanide^ which gives no precipitate with the latter, 
but a reddish-brown one with mercury. If our 
potash gives a blue precipitate instead of a black 
one, the base is one of the two in Class VI. — 
cobalt or copj)er. There will be no difficulty in 
distinguishing these from each other. If the 
solutions containing the blue oxides are boiled, the 
one which contains cohalt will turn red^ while that 
which contains copj)er will become black. A little 
of the dry salt of cobalt, about half the size of a 
pin’s head, melted into a borax bead on the 
platinum wire, will give a beautiful dai'k-blue 
glass both in the outer and inner flames. Oxide 
of cobalt is thus used as a pigment for staining 
glass and porcelain. Thei'e are many confinning 
tests for copper, all of which are of an interesting 
character. Tlie action of the blowpipe flame upon 
salts of copper is instructive. Melt some of 
the salt into the bomx bead and heat in the outer 
flame : a transpai’ent green glass will be obtained. 
Try the experiment in the inner flame, and the 
result will be an opaque brown glass. In the first 
of these cases an hydrated oxide of copper, or the 
oxide in union with water, is formed, while in the 
latt€»r, the unconsumed carbon of the reducing 
flame, ever greedy of oxygen, causes the dehydm- 
tion of the oxide, which then assumes its ordinaiy 
black colour. The salt may be reduced in the usual 
way upon charcoal (Fig. 5), when metallic copper 
will appear in the form of scales of the chamcter- 
istic reddish-bi'own colour. A strong heat and a 
steady blast are required for this experiment, as 
copper will not melt below a temperature of 1900® 
Fahr., and the student who has not acquired the 
practice of using the blowpipe without frequently 
leaving off to take breath, and thereby interrupting 
the blast, will not succeed in i*educing salts of 
copper. A striking confirming test for copper is 
found in the addition of liquid ammonia to a 
solution of the salt. A splendid blue colorisation 
is the result, and this will be pi'oduced even when 
the salt is present only in sm^l quantity. The 


deep blue liquid of the druggist’s show bottles is 
produced in this way, being the ammonio-sulphate 
of copper, or copper sulphate and ammonia. 
Another equally characteristic test is the decom- 
position of the salt by iron. Make a strong 
solution of copper sulphate or nitrat(', and dip into 
it a piece of polished iron or steel, as the blade of 
a knife : a coating of bright metallic coppei* will 
be immediately formed upon its surface, because 
the acid has a stronger affinity for the iron than 
it has for the copper, so that, instead of sulphate 
or nitrate of copper, we have in solution suljdiate 
or nitrate of iron. This fact can easily be verified 
by ihe. potassiimi test already described. 

Now, instead of a white, black, or blue precipitate 
with |)otash, suppose we obtain a gi’een one ; our 
metal will then be one of Class VII. — nickel, 
chromium, or iron protosalts and persalts mixed. 

Turning to our potassium ferricyanide^ if we 
get a greenish yellow precipitate the metal is 
nickel; if no precipitate, it is ch7'oinium ; and if a 
light blue, it is A little ammonia added to 

a salt of nickel gives a violet-coloured solution. 
Chromium, like copper, is interesting from the use 
of its oxide as a pigment for glass, })orc(ilain, and 
other substances which have to be t*x])Osed to a 
high tenq)erature. Oxide of chromium is gnjen, 
and its property of staining glass may be demon- 
strated on a small scale by the borax bead and 
platinum wire. Melt into th(j Inml a very small 
piece of the dry salt, and heat either in the inner 
or outer flame. In either case we shall get a 
transj)arent green glass. In this way a co 2 )per 
salt may be distinguished in the dry state from a 
chromium salt. The metals in Class VIII. give 
a yellow 2 )recii)itate with caustic j^otash, that from 
gold being sometimes blackish. The potassium 
ferricyanide will give a reddish yellow 2 )reci 2 )itate 
with mercury^ but none with yold. There will, 
however, be no iirecijutate with mercury i)er- 
chloride. This, however, may easily be distinguished 
by reduction in a glass tube with soda carbonate or 
2 >otassium cyanide, wliich is often a better flux 
when metallic mercury in silvery globules will bt 
sublimed, and may be caused to run together into 
a single globule. We now come to the last class, 
which contains the two bases — iron (jici-salts) and 
silver. These yield a brown precii)itate with 
potash. To distinguish one from the other, we 
turn to our i)otassium ferricyanide, which gives no 
])recii)itate with iro>A, but a brown one with silver 
The behaviour of silver salts with hydrochloric acid 
must liere be noticed. If hydrochloric acid or 
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solution of any chloride be added to a salt of 
silver, a white precipitate of silver chloride 'will 
be formed. This will l>e found to be soluble in 
ammonia, but insoluble in nitric acid. The dry 
salt may be reduced upon charcoal by the blowpipe, 
producing a bead of bright metallic silver. It 
has already been shown that salts of copi^er are 
decomposed by iron : soluble silver salts are in 
like manner decomposed by metallic copj>er. The 
experiment is an entertaining one, as \mder proper 
conditions the metal is deposited in an arborescent 
form, j)roducing the well-known “silver tree.” A 
good })lan is to place a strong solution of silver 
nitrate in a wine-glass of such dimensions that it 
will support a copper coin about an inch or more 
from the bottom. The silver is deposited upon the 
under side of the coin, and ultimately hangs down 
like an invei*ted shrub. 

We have thus disco veiled the base of the 
unknown salt, and the more difficult part of our 
task is completed. 

The next business is the Examination for the 
Acid. For this puqx)se we must prepare standard 
solutions of the following four j'eagents — barium 
nitrate, silver nitrate, lead nitrate, and calcium 
chloride. Having made a concentrated solution 
of the salt to be analysed in the way already 
described, we test it with our first reagent. If we 
get no precipitate, the acid will be found in Class 
L; that is to say, it will be either a nitrate, 
chlorate, chloride, iodide, arsenite, or sulphide. This 
being settled, we proceed to test another jK)rtion of 
solution with the nitrate of silver. If w^e get no 
precipitate, the salt is either a nitrate or a chloi-ate; 
if we obtain a white precipitate, it is a chloride ; 
any other [>reciy)itate indicates one of the I’emaining 
three acids of the Class. We have now to dis- 
criminate between nitrates and chlorates. Put a 
littk; of the dry salt into a large test-tube, and add 
hydrochloric acid. Hold the tube over the lamy) or 
burner, and if the salt is a nitrate^ white fumes of 
nitric acid, which redden litmus i>a])er, will be 
expelled. If the salt is a chlorate., a yellowish 
gi*een gas, having a very pungent odour, will be 
given off. A nitrate heated in the dry state with 
dry bisulphate of potash gives off a dark yellow gas 
(nitrous acid). This effect is not produced with 
a chlorate. Both nitrates and chlorates give 
off oxygen when melted in a test-tube. A 
taj>er or match that has just been extinguished will 
be re-lighted if plunged into the tube. To dis- 
tinguish between iodides and nreenitea we must 
have recourse to the lead nitmte, which gives a 


yellow precipitate of iodide of lead with the 
former, and a white precipitate with the lattex. 
Stdphidea are readily tested by nitrate of silver, 
which yields a black precipitate of silver sulphide. 
A good confirming test for an iodide is bisulphate 
of potash. If some of this in the dry state is 
heated in a large test tube with an equal quantity 
of the salt under examination, decomposition will 
take place, and the characteristic violet vapour of 
iodine will be observed. To confirm for arsenites, 
mix a very small quantity of the dry salt with 
carbonate of soda, and heat upon charcoal in the 
inner blowpipe flame. After a short ignition the 
odour of garlic will be perceived, by which the 
presence of metallic arsenic in the state of vapour 
is rendered evident. It need hardly be said that 
the student had better not linger over the 
j>oisonous fumes of ai’senic longer than is neces- 
sary to recognise the characteristic odogr. Sul- 
phides may \ye detected by the smell of suljffiurettt^d 
hydrogen gas, which is given off when they are 
heated with hydrochloric acid. The dry salt and the 
acid are put into a test tube and slowly heated over 
a small flame. The odour of this gas is by no means* 
so agreeable as that of arsenic vapour, being gene- 
rally likened to that of rotten eggs, but it is equally 
unmistakable and chameteristic. If we desire 
further confirmation as to it"^ identity, we liave only 
to allow the gas to imjmige ui>on h'ad pai)er, or paper 
moistened with a solution of any lead salt, and the 
pai)er will turn black, owing to the production of 
lead sulphide. The acids in Class II. give a white 
preci 2 )itate with barium nitrate, which in each case 
is soluble in nitric acid without effervescence. If 
we get no precipitate with silver nitrate, the acid is 
a ftioride ; if a yellow, it is a phosphate ; and if 
a brown, it is an arseniate. The borates and 
oxalates are distinguished by calcium chloride, 
which, with the borate, gives a white precipitate 
which dissolves on adding more water, and with an 
oxalate a white precipitate insoluble in water. 
To confiim for fluorides mix some of the dry salt 
with bisulphate of potash in a test tube, and apply 
heat. Hydrofluoric acid gas, which has the pro- 
perty of coiToding glass, will be disengaged, and if 
Brazil wood test-paper is exposed to its influence, 
its colour will be turned to yellow. The corrosion 
on the glass will be best observed after washing 
and drying the tube. The most delicate test for 
]>ho8phoric acid is Molybdate of Ammonia. Add 
to a solution of this reagent as much nitric acid 
as will dissolve the precipitate it first producos, 
then add a very small quantity of the phosphate, 
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and boil in a test-tube : we shall obtain a yellow 
precipitata No other acid than a phosphate will 
yield this precipitate with an acidified solution of 
molybdate of ammonia. The oxalates are interest- 
ing from the decomposition which they suffer when 
heated with sulphuric acid. The operation is 
performed in a test-tube over a moderate heat ; 
effervescence takes place, and a gas is given off* 
which is a mixture of carbonic oxide and carbonic 
di-oxide, or carbonic acid. On applying a light 
to the mouth of the tube the former bums with a 
blue flame, notwithstanding its dilution by the 
incombustible carbonic acid. From a soluble 
borate we can obtain boracic acid, which tinges the 
flame of alcohol of a beautiful green colour. To 
obtain the acid in crystals, boil a concentrated 
solution of a borate with sulphuric acid, and let 
the mixture cooL The boracic acid will apj^ear 
at the bottom of the test-tube or evaporating dish, 
in which the operation may be conducted, in the 
form of flat shining crystals. These should be 
collected on a filter, and repeatedly washed with 
water to remove all traces of sulphuric acid, and kept 
for subsequent experiments. To observe the green 
flame, dissolve some of the crystals in alcohol or 
methylated spirit in a saucer, and inflame the mix- 
ture, stirring occasionally with a glass stirrer. Class 
HI. contains only the carbonates, which also give 
a white precipitate with barium nitrate, but are 
distinguished from those in Class II. by dissolving 
in acids with effervescence owing to the escape of 
carbonic acid gas. The sulphate in Class IV. also 
gives a white precipitate with nitrate of barium, 
but it is quite insoluble in acids. We shall 
have no difficulty in distinguishing chromates, 
as they are the only salts on our list wliich 
give a yellow precipitate with barium nitrate. A 
sulphate may be further identified by the following 
process. Mix some of the sulphate with dry car- 
bonate of soda, and heat on charcoal in the inner 


blowpipe flame. After a few seconds’ ignition 
remove the fused mass and place it upon a piece 
of bright silver. After a short time a black mark 
will be observed on the metal, owing to the pro- 
duction of silver sulphide. If the substance pre- 
sented for analysis prove to be insoluble, it must be 
examined by the blowpipe, both upon charcoal and 
in the borax bead. Its insolubility is ascertained 
by evaporating a little of the water in which we 
have attempted to dissolve it to dryness. There 
should be no residue. We have thus discovered 
both the base and the acid of the unknown salt, and 
our task is completed. 

Experience has proved that the analytical course 
here presented to the reader, though necessarily brief, 
is sufficiently copious and explicit for all practical 
purposes, and that the young student, with the 
scheme before him, will be able, after a week’s good 
practice, to analyse any simple salt, provided that it 
is pure, and does not contain any other acid or base 
than those which appear on our list. He must set 
about his work, however, in a methodical manner, as 
if he were competing with other candidates at a 
public examination, when ultimate results, even if 
correct, would not be accepted unless all the 
intermediate steps leading to those results are 
accurately noted. Pen, ink, and paper, then, are 
essential adjuncts to his apparatus. Tlie colour 
and character of every precipitate, and with what 
rcjagent produced, must be jotted down in their 
appropriate columns; the metal or acid indicated 
by these precipitates, and the class to which it 
belongs, must then be prominently recorded, 
together with the blowpipe and other tests used to 
confirm the results already arrived at. The 
analysis of compound substances and mixtures 
composed of several salts is a much more compli- 
cated business, the practice of which the student 
would do well to defer till he has thoroughly 
mastered the scheme here presented to him. 


A PIECE OP CHALK. 

By PiioFEssoii Charles Lai'worth, LL.D., F.G.S., etc.. Mason College, Birmi.ngham. 


T he small piece of white chalk, which, from its 
constant use in the school-room, the lecture- 
room, the billiard-room, and the workshop, may be 
regarded as a daily necessity of our modem civilisa- 
tion, has, in spite of its simple appearance, a sti'ange 
history, tlie unravelling of which through all its 
201 


complexities is one of the most difficult problems 
with which the science of the present day is called 
upon to deal. This piece is, in reality, a chip of an 
immense block of chalk that once filled an area the 
size of the present continent of Europe, and of 
which even yet several gigantic fragments remain, 
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each larger than the collective area of a dozen 
average British counties. These patches occur 
scattered over the region lying between Ireland on 
the west, and China on the east, and extending in 
the other direction from Sweden in the north to 
Portugal in the south. In the British Isles the 
o ha lh is found in greatest perfection and continuity 
in the east and south-east of England. A sheet of 
chalk, more than a thousand feet in thickness, 
underlies all that portion of England which is 
situated to the south-east of a line crossing the 
island diagonally from the North Sea at Flam- 
borough Head to the coast of the English Channel 
in Dorset. This enormous sheet of chalk is tilted 
up slightly upon the west, and its depressed eastern 
portions, that dip towards the waters of the North 
Sea, are usually buried from sight by masses of 
overlying sands and claya But wherever these 
are pierced through by the well-sinker, the chalk 
is invariably met with below, as solid and compact 
as ever. The western edge of this great chalk floor 
has not been much disturbed, but its southern 
margin has been crushed upwards, so that the 
chalk now stands perpendicularly on edge in the 
cliffs of Dorset and the Isle of Wight. A little 
farther to the east also, in the Weald of Kent and 
Sussex, the chalk floor has been warped up into a 
rude arch which has been partially worn away 
by rain and rivei-s, and the underlying strata laid 
bare. The rocks upon which this great sheet of 
chalk reposes in the south-west of England are a 
series of sands and clays, which from their soft and 
incoherent nature, are rapidly worn away by the 
action of the weather. The chalk itself is much 
harder and tougher, and is consequently far more 
highly resistant of meteoric degradation. Hence it 
follows very naturally that these underlying beds, 
which form the basement of the country lying to 
the west of the long line of the outer edge of the 
chalk formation from Flaraborough to Dorset, are 
all worn down by rain and rivers to a comparatively 
dead level; while the hard ‘‘basset edge” of the great 
chalk floor is comparatively unaffected, but stands 
out in a bold ridge, looking out upon them every- 
where like the edge of a vast terrace or well- 
marked range of hills. In Yorkshire, Lincoln, and 
Norfolk, the hills forming the edge of the chalk 
floor are known as the Wolds. In the east of the 
Midland valley they compose the long inland ridge 
which terminates in the Chiltem Hills. West- 
wards the same basset edge looks out in the hills 
of White Horse, Marlborough and Dorset, while 
the corresponding ridges of the North and South 


Downs partially encircle the eroded arch of the 
Weald. 

The scenery of these chalk heights is as a rule 
comparatively tame and monotonous, but it has 
frequently a picturesque character and prettiness 
all its own. The Wolds and Downs, on the outer 
edge of the chalk floor, compose an endless succes- 
sion of soft and gently undulating heights ; bare 
above, but partly clothed below with scattered 
patches of woodland. These rounded summits and 
the elevated plateaux lands which back them, are 
covered with a thin mantle of soil, overgrown by 
a short sw€)et grass, cropped by innumerable flocks 
of sheep. But where the edges of the chalk floor 
come upon the seti, the cliff scenery to which they 
give origin is strikingly grand and beautiful. He 
who has once seen the magnificent rocks of Flara- 
borough and Boachy Head, the jagged stacks of the 
Needles or the dizzy mass of Shakspere^s Clift 
near Dover, must have felt something of the 
majesty of the chalk headlands— the white cliffs 
of Albion. 

The massive sheet of white chalk which underlies 
the whole of the south-west of England is deeply 
dug into by the waters of the Strait of Dover ; but 
it again makes its appeamnce in France, forming 
much of the floor of that country for many miles 
beyond Paris. It is found also at numberless 
localities in Europe, as far east as the Crimea, and 
even in Central Asia beyond the Sea of Aral. 
Northward it occurs as far as Scania, in the south 
of Sweden. Southward, its limits seem to be near 
the centre of the Spanish tableland. How far 
it stretched westwards towards and into what is 
now the Atlantic we may never know ; but chalk 
of a thickness of at least 200 feet is exposed in the 
beautiful cliffs of Antrim in Ireland; while less 
conspicuous relics of the formation are found in 
a few localities in the counties of Argyle and 
Aberdeen. There can be little question tliat all 
these now isolated patches were once connected in 
a continuous sheet, which must therefore have 
occupied a superficial area about 3,000 miles long, 
by nearly 1,000 miles broad, an extent larger than 
that of the present continent of Europe. 

Chemically, chalk is a carbonate of lime. That 
is to say, it is composed of a mixture of lime with 
the gas called cartenic acid, so familiar to us as 
escaping into the air with great bubbling and 
fizzing when a soda-water bottle is opened. If a 
quantity of chalk be carefully powdered and flung 
into a large quantity of ordinary vinegar, a rapid 
effervMcence is at once set up, the carbonic acid 
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gas escaping into the atmosphere, and the lime 
being dissolved by the vitriol, vanishing wholly 
from sight. Again, if a quantity of chalk be burnt, 
the carbonic acid is expelled by the heat, and a 
mass of white matter remains which is identical 
with the quick-lime of the mason, swelling in the 
same way when water is thrown upon it, with 
great evolution of heat, and finally falling down 
into a soft white powder. Thus, in sjute of its 
peculiar appearance, its soft texture, and homo- 
geneousness of structure, chalk is identical in 
character and composition with an ordinary lime- 
stone. 

Now we know that the vast majority of lime- 
stones were formed in the waters of the sea, mainly 
from the accumulated d6bris of the coverings of the 
shell-fish that flourished upon the sea-floor ; but, at 
first glance, it would appear that chalk must haVe 
had a very different mode of origin. It has 
been already pointed out in these pages* that a 
piece of limestone differs from a piece of chalk in 
several important particulars. When a slice of 
ordinary limestone is viewed under the microscope, 
it is found to be made up of the fragmentary slices 
of a multitude of organisms — shells, corals, sea- 
lilies, and the like — whose shattered fragments are 
all easily identified by. the skilled zoologist. But 
when a transparent slice of chalk is examined in 
the same way, we find no trace of any of the creatures 
found in the limestone. The chalk seems to be 
formed of a multitude of little bodies of a most 
peculiar form (Fig. 1). Each of these minute bodies 
is very symmetrical in shape, and is clearly built 
up of a number of globular chambers, arranged in a 
series. The most common form has its chambers 
disjKJsed in an elegantly spiral manner, and reminds 
us of the beautiful nautilus shell, occasionally 
seen in our museums. These objects are all 
scattered irregularly in a white granular dust, 
which fills up the spaces between them. Not only, 
then, does chalk differ from limestone in its 
structure, but when regarded in mass also, the two 
rocks are quite as strikingly contrasted. Limestones, 
as a rule, seem to have been mere calcareous fringes 
to ancient lands, rapidly changing in nearly all 
their featui’es when followed for some distance. 
Chalk, on the other hand, as we have already 
intimated, occupies an area as large as that of the 
entire continent of Europe, and its lithological 
characters remain everywhere the same. 

When we visit a typical chalk quarry for the first 
time, the contrast between the appearance of the 
* “Science for All,” VoL I., p. 14. 


rock which is being excavated, and that familiar to 
us in the many limestone quarries scattered over 
Britain, is somewhat startling. Instead of a solid 
mass of grey rock, clearly disposed in definite layers, 
we have before us a steep face of chalk, destitute of 
anything like lamination, but rising up like a solid 



Pig. 1.— Microscopic Fossils in a Piece of Chalk.- -1. Olobigerina ; 2. 
^odosaria ; 3. Botalia ; 4. CoccoUths i 5. Sponge-spicu es, Ac. 


white wall. Embedded in the chalk at difierent 
heights are a few horizontal layers of stone, which 
even from a distance we infer must be much harder 
than the chalk in which they are embedded, as they 
project in well-marked shelves or ledgea Here and 
there, too, we notice perpendicular ribs, pillars, or 
vertical projections of the same hard-looking rock, 
but less definite and continuous than the level 
shelves ; while, in addition, a few knots of the same 
nature are seen scattered irregulaidy through the 
body of the chalk itself. If we pull down a piece 
of one of the horizontal layers of hard rock, and 
strike it with our hammer, the sudden flash which 
leaps forth shows us that it is, in reality, a mass of 
flint. Exteriorly, its surface is almost as white as 
that of the chalk itself; interiorly, it is hard, black 
and glassy. The upright pillars, and the scattered 
blocks are found to be also composed of the same 
material as the shelvea The upright pillars them- 
selves — ^the “potstones” of the quarry-men — are 
pear-shaped masses of flint, usually having an in- 
ternal cylindrical cavity filled with hardened chalk. 

Although these appearances add to the many 
differences which distinguish chalk from ordinary 
limestone, and appear at first glance to indicate a 
very different n^ode of origin, a more extended 
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study of the chalk rocks soon convinces us that 
this hasty conclusion is erroneous. Fragments of 
sea-urchins, corals, lamp-shells, skeletons of cuttle- 
fishes, <fea, and all the usual types of sea creatures 
*nay, by the exercise of care and patience, be col- 
lected out of tlie body of the chalk itself ; while the 
clays and sands in which the chalk formation is 


found in the chalk ; and at the same time to 
show why the prevalent organic ingredients of 
ordinary limestone are invariably absent They 
had, further, to make it clear why flint, so rare in 
oi’dinary limestone, is so abundant in the chalk 
formation ; and why it occurs, not only in hori- 
zontal layers, but also in vertical pillars, in inter* 



¥ig. 2.- Shells, etc., iir the Globioeriha Ooze of the North Atlantic. 

1. Globigerixia; 2. Tcxtularia ; 3. the so-called Bathybius, with (a) Coccoliths and (b) Coccospheres ; 4. Kadiolarian ; 5. Diatoms ; 

6. Si>onge spicules. {After Zittel.) 


embedded, are crowded with well-preserved fossils 
of sea animals, and are admitted by all to have been 
deposited in the waters of an open sea. 

But, until within the last few yeara, the problems 
presented to geologists by this extraordinary chalk 
deposit seemed well-nigh impossible of solution. 
They had to reconcile the fact that chalk is almost 
identical in chemical composition with ordinary 
limestone, with the conflicting fact that it is of 
a totally distinct internal structure. They had, 
moreover, to explain the presence, meaning, and 
preponderance of the peculiar-chambered structures 


lacing veins, and in isolated nodules. , Finally, as 
every other rock formation has its apparent analogue 
now in course of accumulation under the waters 
somewhere upon the surface of the globe, they 
were bound to point out some special region, where 
— over an area as large as Europe — an aqueous 
formation resembling chalk was actually in process 
of deposition at the present time. 

Now, it is one of the proudest achievements of 
modem science that it has at lost partially solved 
this grand enigma — in a few brilliant strokes, recon- 
ciling these apparent contradictions, depriving the 
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itrange chalk formation of nearly all itc abnormal!’ 
ties, and placing it in its simple and natural position 
as one of the great geological formations. 

Previous to the laying down of the first cable 
which united the Old World to the New, it was 
deemed advisable to make a preliminary survey of 
the ocean floor upon which the cable was to repose, 
extending between Ireland and Newfoundland. In 
the course of the survey samples of the mud lying 
upon the sea floor wei-e dredged from the bottom, 
and submitted to Drs. Ehrenberg and Huxley for 


placed under a microscope, it was noticed at a 
glance that it was filled with the peculiar bodies 
so abundant in a slice of chalk (Fig. 2). Here, 
then, it was immediately acknowledged, a sub- 
stance was being laid down upon the sea-bottom 
at the present day, which might eventually be 
consolidated into a rock identical with chalk ; 
and laid down too, over an area as enormous 
as that covered by the chalk itself ; and at the 
same time, like the chalk, preserving the same 
general characteristics everywhere within that area. 



Fig. 3.— Shells OF'ForAMiNiFFBA. 

1. Frondiculaxia ; 2. Spiroloculiua ; 3. Quiuqueloculiua ; 4. CorBuspira ; 5. Textularia; 6. Nodosoria; 7. Deutalina; 8. Cristellaria ; 

9. Globigeriiia ; 10. Botalia. 


examination. This mud was found to be actually 
a whitish or greyish matter, not unlike thick cream 
in general appearance. It is known to the sailors 
as ooze — a word derived from the Anglo-Saxon term 
wasey mud, and familiar to most of us as the title 
of some of the more sluggish mud-bearing rivers of 
England. When dried it hardens into a soft mass 
not unlike chalk in outward ap|>earance; while, 
like chalk again, it is com}x>sed almost entirely of 
carbonate of lime.* 

Not only did the dried ooze resemble chalk in 
chemical composition and outward appearance, but 
there was another and most important respect in 
which the great investigators we have named found 
the ancient chalk and this modem deposit to be 
identical When a small quantity of the ooze was 
• JSee alHO Science for All,*’ VoL III., pp. 80—1. 


The long-sought-for key had apparently been dis- 
covered. The chalk formation ought henceforth to 
be regarded as a consolidated deep-sea ooze, which 
must have been laid down upon the floor of an 
ancient Atlantic that once overspread the western 
half of the Old World from Britain to the Hindoo 
Koosh. 

The natural question follows, what are these 
microscopical bodies that make up the bulk of the 
chalk and ooze, and why do they abound in such 
extraordinary numbers 1 To the zoologist they are 
perfectly familiar. They are the shells of a species of 
the family of Foraminifera^ a group of microsopic 
sea animals, all of which in the living state have 
much the appearance of specks of animated jelly ; 
but which all possess the power of building up for 
themselves shells of remarkable stmcture and beauty. 
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These shells (Figs. 2, 3) usutlly oonsist of a of flinty, instead of limy material {¥ig. 4). Lastly, 
series of hollow chambers united into a complex we find fragments of interlacing spicules of sponges, 
structure of exquisite symmetry. In some of these and in some localities, the shells of the lowly forms 
shells the chambers have a linear necklace-like of plants known as Diatoms (VoL II., p. 277, 
arrangement ; in others they alternate on opposite Fig. 5), which, like the Badiolaria, possess the 
sides of a central line ; in others again, they are power of building up siliceous skeletons of great 
set in irr^ilarly overlapping rows ; while in the symmetry and beauty, 
genus Globigerinaj^ which is by far the 
commonest form, both in the modem 
ooze and the ancient chalk, the chambers 
are disposed in an elegantly expanding 
spiral. As a general rule, the outer wall 
of each of the chambers in the complex 
shells of this family is pierced with a 
multitude of minute openings, through 
which the jelly-like lodger inside thrusts 
forth a host of gelatinous fingers, which 
interlace themselves into a complex 
network devoted to the collection of 
the inconceivably minute particles of 
organic matter disseminated through the 
water in which the creature subsists. Fig. i.—SheUs of Badiolaria.— l. Podooyrtisi 2. Stylodlotya; 3. Eacyrtidium. 

Hence is derived their collective title 

of Foraminifera, from the Latin foramen^ an Precisely as in the Globigerina ooze, we find in 
aperture. the chalk an abundance of Globigerina, and even 

These Foraminifera abound — as we have already the coccolith, the occasional Badiolaria, and the 
seen — in tropical and temperate sea waters all over Diatoms ; while, as we have already indicated, both 
the globe. A few forms live upon the sea-bottom, deposits have an enormous horizontal extension, 
and others at the intermediate depths ; but they But at this point our parallel suddenly ceases. In 
certainly occur in greatest abundance a few feet all their remaining characteristics the ancient chalk 
below the surface. When they die their shells sink and the modem ooze appear to be most strikingly 
to the bottom, and by their gradual accumulation contrasted. 

form the deejvsea mud, which from the prepon- A chemical analysis of a piece of pure chalk 
derance of the genus GlobigeriTiay already referred shows that it contains from 94 to 98 per cent of 
to, is known popularly as the “ Globigerina ooze.” carbonate of lime, and merely a trace of alumina 
The inconceivable slowness of this accumulation, and silica ; while a similar analysis of a sample of 
may be gathered from the fact that 10,000 shells the Atlantic ooze reveals the presence of only 44 
of Globigerina would hardly cover the space of a to 78 per cent of carbonate of lime, at the same 
square inch. time that alumina is present in ohe proportion of 

In addition to the Foraminifera, there are from 6 to 33 per cent, and silica in the proportion 
scattered through the Globigerina ooze, a host of of from 5 to 11^. Again, nowhere in any of the 
other minute bodies. The most peculiar of these deep-sea dredgings has anything been brought to 
are certain objects known as cocco^itJts. Each of the surface from the Globigerina ooze that bears the 
these consists of two minute saucer-like discs, united remotest resemblance to the flints, which give such a 
by a common stem. These coccoliths are frequently striking appearance to the chalk formation. Until 
found aggi*egated into spheroidal groups known as these difficulties are removed, it is manifestly 
coccoaphsrea (Fig. 5). Less common are the impossible to bring the chalk and ooze into satis- 
beautifully symmetrical shells of the Badiolaria,t a factory parallelism. 

family group of microscopic organisms closely allied The difficulty of the presence of a large excess of 
to the Foraminifera, but having shells composed non-calcareous mud and volcanic ash in the 



• “Science for All,” VoL IH., pp. 78—80, 82, 162-3, 
265, 167. 

t “ Sdenoe for All,” Vol. III., pp. 82-3, 


Atlantic ooze, as compared with the chalk, may 
perhaps be overcome by the theory that the mud of 
the ooze is glacier mud spread over the sea bottom 
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by the deep-sea currents from the Arctic regions ; 
and that the volcanic dust is derived from the 
active volcanoes of Iceland — the dust of which 
occasionally reaches even the British Islands — 
while, on the other hand, the collective fauna 
of the chalk shows that the ocean in which it 
was deposited was comparatively warm, and its 
high temperature may have been due to the 
presence of low land to the north, or a submerged 
ridge sufficiently shallow to prevent the influx of 
the cold and muddy Arctic waters. But there is 

no such easy means of 
escape from the difficulty 
of explaining how the 
flint, which is wholly 
absent from the super- 
flcial stratum of the ooze, 
is so abundant in the 
chalk formation. 

Sir Wyville Thomson 
and Dr. Carpenter, in 
their dredging expeditions 
in the Lightning and 
Porc^ipine^ made a most 
careful study of the fea- 
tures of the Globigerina 
ooze de|X)sit8 that margin 
the coast of Europe, from 
the Faroe Islands to the Straits of Gibraltai'. The 
specimens most frequently brought up from the 
ooze in these expeditions were examples of siliceous 
sponges, the skeletons of which are formed of a 
glassy network of interlacing threads of flint — 
like that of the well-known Venus flower-basket. 
As many as forty specimens of these sponges were 
occasionally taken in a single haul Some of these 
vitreous sponges have already been figured in this 
work.* 

Flinty sponges of this type are occasionally met 
with in the chalk itself — the l>eautiful cup-like 
Ventriculites being perhaps the best known — but 
they ai-e by no means common ; and, contrasted 
with the abundance of similar si)onges in the ooze, 
may indeed be said to be exiJessively rai'e. 
Reading this fact in conjimction with what we have 
already indicated of the differences in chemical 
oomposition between the white chalk and the ooze, 
we see that in the ooze silica is found partly in the 
form of the skeletons of s]>onges, and pai*tly dis- 
seminated through the mud, while in the chalk 
formation almost the whole of the silica is restricted 
to the flints. But were the silica of the flints of 
* “ Science for AU,” Vol. I., pp. 56, .59-61, 6.% 


the chalk distributed as in the modem formation, 
the proportion in both would be almost identical 
The natural inference is, that if the chalk and 
ooze are similar in origin, the sponges must once 
have been present in the chalk, but they have 
somehow disappeared ; and, further, the silica of 
which they were formed, has, in some puzzling 
manner, gone to form the flints. 

Several scientific men, who have felt themselves 
shut up to this conclusion, have endeavoured to 
show how this wonderful ti'ansformation has taken 
place. Under certain processes chemists ai*e able 
to reduce silica to a jelly-like state ; and Sir 
Wyville Thomson has suggested that by some 
means or other the silica of the sponges, or of the 
chalk, had been first reduced to this gelatinous state, 
and accumulated in any convenient cavities, where 
it was finally consolidated into flint ; but how and 
why this should hapixjn he did not attempt to 
explain. 

When scientific men first commenced the 
study of the Globigerina ooze, they frequently found 
their specimens covered with a soft gelatinous 
matter (like the white of an egg ; or l>etter, like the 
glairy living matter, found in the interior of the 
Foraminifera, Radiolaria, and sponges), in which the 
sti’ange discoid coccoliths seemed to move and float 
To this glairy matter Dr. Huxley gave the title of 
JiathybinSy or deep-sea animal ; and many ingenious 
theories were started to account for its presence 
upon the ocean floor, and of its j)robable relations 
to the more perfectly-formed creatures existing 
at great depths. But both animal and theories 
suddenly disappeared from sight together a short 
time afterwards, when Mr. Muri’ay, of the 
Challenger y and his associate Mr. Buchanan, showed 
that this gelatinous matter was, probably, not living 
matter at all, but a chemical product, due to the 
action of acid u}K)n the limy sea-water surrounding 
the specimens of ooze under examination. But 
Bathybius, though scotched, was not killed, and 
has been resuscitated with great effect and made 
to do duty in the formation of the flints. 

According to Dr. Wallich, who has for many 
years past studied the dee^v-sea deposits of the 
North Atlantic basin, the Globigerina ooze is 
covered with a superficial layer of gelatinous 
matter — the so-called Bathybius — derived fi’om the 
Foraminifera, sponges, <kc. This gelatinous layer, 
which rises with the increase of thickness 
of the ooze, dissolves and absorbs the silex of 
sponges, (fee., until at last it becomes super-saturated 
with silica, and a layer of flint is then deposited. 



Fif . 5.— A, B, Coccoliths ; c, 
Cocoosphere. {After Uuxlsif 
and Thomatm,) 
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On the other hand, according to Mr. SoUas, who 
has approached the subject from the opposite 
direction, by a study of the chalk and flints them- 
selves, the horizontal flint beds appear to have been 
usually formed out of a sheet of sponge spicules. 
These, under the pressure of the water at a great 
depth, entered into solution; the calcareous mud 
around was next partly replaced by silica, and 
siliceous chalk was formed. Finally, the interstices 
of this chalk were filled by a simple deposit of silica, 
and the siliceous chalk was at last converted into 
solid flint. The flint veins and nodules surround- 
ing organic remains had their origin in the fact 
that silica, like other minei-als, has a tendency to 
be deposited upon free surfaces. But the entire 
subject is still extremely obscure.* 

Vast as is the region covered by the ancient 
chalk formation, it is dwarfed into utter insig- 
nificance when contrasted with the enormous ai‘ea 
covered by its modern pai*allel, the Globigerina 
ooze. This is found in all the great ocean basins 
in the tropical and temperate zones, at depths lying 
between 250 and 2,500 fathoms. The outer edge 
of the ocean floor forming the fringe of the land, 
and extending outwards for a breadth of about 
100 miles, is covered with the coai*se debris 
derived from the land, while the deei)e8t abysses of 
the ocean basin are coated with a deposit of red 
clay of dubioiis origin, but many of the intermediate 
areas, forming the main mass of the sea-floor, are 
covered with the Globigerina ooze. 

When the striking resemblances between this 
ooze and the chalk were first discovered, a few 
scientific investigators not only leapt at once to 
the conclusion that the two were identical in 
origin, and that the chalk was a deep-sea deposit, 
which must have been laid down in an ocean of 
enormous depth extending from Britain to the 
Himalayas, but they went furfher, and asserted 
that though the floor of the eastern half of this 
old ocean has been upheaved, such is not the case 
with its western half, which still forms the North 
Atlantic basin, and that in this basin the deposition 
of ooze has gone on uninterruptedly from the time 
of the chalk to the present day, so that even we 
ourselves may be said to be living in the clialk 
ejx)ch. Now it is impossible to show that the 
dejx)sition of these white muds has not gone on 
without intermission in the Atlantic basin since 
that date ; but that we cannot be said to be living 
in the chalk age from a geological point of view, 

♦ The chemistry of flint is discussed in “ Science for All,” 
Vol. IV., pp. 34^-351. 


is abundantly proved by the fact that none of the 
characteristic chalk animals are now existent ; all 
the species of the higher groups li ving at that age 
have become wholly extinct, and their place has 
been taken by others. Again, it cannot be proved 
to demonstration that water, having a depth equal 
to that of the ocean abysses where the great sheets 
of ooze are now being deposited, did actually extend 
across Europe in the chalk age, and this question 
must, therefore, still be regarded as unsettled. 
Those who still hold that such, indeed, was the 
case, find themselves confronted with seveiul 
awkward difficultiea The shell-fish, which we find 
fossil in the chalk, though differing specifically 
from modern forms, yet belong to family groups 
which are, at present, most abundant, not in deep 
seas, but in comparatively shallow waters, while, 
at the same time, the characteristic shell tyjies of 
the Atlantic ooze seem to be generally wanting in 
the chalk. Again, when the chalk formation of 
Europe is studied in the field, it is found to get 
sandier both to the north and south, as if the seas 
were shallow in these directions, while some of the 
highest beds of the chalk in Denmark and Belgium 
have all the appearance of having been coral reefs, 
which can only be formed where the watero are 
quite shallow. Not only so, but around the 
superficial coral reefs of the Pacific and West 
Indian Islands a soft white mud Ls being formed at 
the present day identical with pure white chalk. 
For these reasons it is urged by some that nothing 
more than a shallow arm of the Atlantic stretched 
across Europe in the chalk age. This gulf, into 
which it has been suggested that the warm waters 
of the Gulf Stream were then deflected, was at 
most but a few hundreds of feet deep in its deepest 
part, and was bordered by coral reefs, from the 
washings of which was formed the great sheet of 
chalk whose fragments are now scattered over 
that area. From the opposite point of view it 
may be contended that the resemblances between 
the chalk and the Globigerina ooze are too manifest 
and vital to be thus easily disposed of. The clear 
identity of lithological character of the chalk over 
its great area, the parallelism of its beds, its 
freedom from foreign admixture, &c., all point 
unanimously to distance from land and freedom 
from disturbing curi’ents. The sands and muds 
that overlie and underlie the chalk itself contain, 
too, the fossils of those animals characteristic of 
deep seas. But those who argue that the chalk 
was laid down in a shallow sea have one crowning 
argument which is supposed to overwhelm ail 
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opposition. The surface of the gi*eat sheet of 
chalk is almost every wliere worn into deep holes 
and hollows, and in and upon these rest the more 
recent clays and sands of the Tertiary period, in 
which the fossils are all distinct from those of the 
chalk. Here, then, it is triumphantly pointed out, 
have we incontrovertible evidence of the shallowness 
of the sea, in which the highest strata of the chalk 
were laid down ; for in order to originate these 
hollows the chalk must have been elevated into 
dry land after its formation, and then eroded by 
rain and livers ; and it must have remained in this 
continental state until the gradual changes, which 
are continually modifying all living creatures, had 
led to the introduction of new groujis of animal 
forms. Even this argument, however, admits of 
a satisfactory reply. It is answered by the opposite 
party that no such elevation could possibly have 
taken place, or the chalk would have been all worn 
away. Instead of this being the case, a portion 
only appears to have been removed, and the surface 
of the rest is merely worn into insignificant hollows 
as if by the action of acids. Now, in the deepest 
parts of the ocean of the present day the calcareous 
2 )arts of the shells of the Globigerina are dissolved 
by the carbonic acid present in the waters at great 


depths, and the actual deposition that takes place 
in these depths is so infinitesimal in amount that 
the very dust of shooting stars forms an appreciable 
fraction of it, and the teeth of animals lie 
unburied upon its surface for a period long enough 
for the entire race that yielded them to become 
extinct. Hence it is not wholly outside the bounds 
of probability that the line of junction between the 
chalk and tertiary marks, not an upheaval, but a 
depression, the surface of the chalk having been 
partly eaten away by the gases of the deep sea. 
The length of this period of depression is measured 
by the change in the life of the highest chalk and 
lowest tertiary beds, and the absence of inter- 
mediate rocks follows of necessity from the fact 
that no appreciable thickness of sediment was laid 
down in the interval of depression. 

Thus, in spite of the wonderful advances made 
of late in our knowledge of the resemblances 
between the chalk and the deposits at present 
being laid down in the dee]) sea, many of the 
difiiculties which enshroud the origin of the chalk- 
beds are to the full as mysterious as ever, and the 
patient research of many future years is needed 
before we shall be able to read the true history of 
a piece of chalk. 


THE LEGS AND FEET OF INSECTS. 

By Ahthur Hammond, F.Ij.8. 


E very portion of the structure of insects is 
replete with exami)les of the exquisite finish 
which lias been bestowed upon their organisation, 
and the wonderful adaptation according to circum- 
stances and individual wants which the same organ 
exhibits in diffi^rent species. A few illustrations 
of this, drawn from the feet and legs of common 
British insects, will form the subject of our present 
paper. 

The simph^st mode of progression among insects 
is that observable amongst maggotfe, as they are 
called, or the larvne of flies. It is here effected 
without the aid of any special organs at all, as has 
been already noticed in the case of the larva of the 
house-fiy.* A slight modification of this method 
is found in the larva of Ephydra, a fly frequenting 
salt marshy situations. It is alxiut one-third of an 
inch in length, and is conspicuous for its singular 
forked tail, carrying the orifices of the breathing 
* “A House-Fly s” “ Science for All,” Vol. IV., p. 27. 
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tubes. The ventral or lower surface of each s(‘g- 
ment is provided with a pair of little tubercles 
around, with hooks directed backwards, with which 
it makes its way along the submerged stems of 
grass, reeds, &c., amongst which it lives. When 
about to change into thci pupa the larva nunains 
attached to its sup})ort by the hindermost ])air 
alone, which are so closely twined around the grass 
stem as to meet on the other side, and th(i skin 
hardening in this jiosition gives to the insect the 
appearance of beung transfixed by the stem, as 
shown in Fig. 1. 

Amongst the simjiler forms of locomotive appiui- 
dages, exhibiting nevertheless the most singular 
beauty, must be mentioned those of the larva of 
Tamjpus maculatus (Fig. 2), another two-winged 
insect belonging to the crane-fly family. It is a 
very minute creature, and requires the aid of a 
microscope to bnng out the wonderful details of its 
structure, which can then be seen through the 
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perfectly transparent skin. Immediately behind 
the head a soft transparent cylindrical process may 
be obsers^ed to project from the middle line of the 
body, as soon as the insect has had time to recover 
from the astonishment occasioned by its capture 
and transfer to the close quarters of the live-box. 
This at first appears to end in a blunt termination, 
but very soon a couple of branches of somewhat 
smaller diameter are pushed out from the truncated 
end, while from the extremity of each branch a 
perfect coronet of recurved booklets is evened 
(Fig. 3), the whole process being strongly suggestive 
of a stocking being turned inside out by the hand 
and arm Inniig thrust down within it, the place of 
the hand and arm being, however, supplied by the 
pressure of the fluid contents of the body. A 
muscl(‘ is seen passing down the centre to each 
coronet of hooks, by whicli, as occasion requires, 
they are withdrawn, first into the branching pro- 
cessc^s, then these into the central one, and finally 
the whole into the interior of the body, so com- 
pletely that not a vestige remains visible, just as 
the toe of the stocking might be grasped by the 
hand and drawn in again. The tail is furnished 
with a pair of somewhat similar but slightly 
larger processes, capable of protrusion and retrac- 
tion in the same way. Tliis larva is frequently 
met with in the decomposing vegetable matter at 
the bottom of ponds, itc., and is well worth atten- 
tion from the cle«arness witli which the whole of its 
organisation may be seen, the entire course of the 
alimentary canal and the jirocess of dig(\stion l)eing 
clearly visible, as wtdl as the nervous cord and the 
pulsations of tlie dorsal vessel, the muscles too, 
especially those of the head, show^ out in bril- 
liant colours under the influence of j)olarised light. 
S|Kicimens of a rollicking little crustacean called 
Lyiictim sjJiOiricKs, their merry gambols all at an 
end, may be seen oscillating to and fro with the 
peristaltic motion of the intestine. 

The legs and pro-legs of caterpillars are so much 
Ixitter known that a short notices of them here will 
suflice. We will take those of the caterfullar of 
the goat moth as an example. This huge red larva, 
something like a raw animated sausage, has each of 
the three first or thoracic segments of the body 
provided with a pair of short conical jointed legs, 
each terminating in a single claw (Fig. 4r/). These 
occupy the place of the future legs of the perfect 
insect. They are, however, very simple in struc- 
ture, for although all the joints proper to the fully 
developed insect leg are undoubtedly present, each 
of them as yet presents little more than a homy 


cylinder, connected with the preceding and follow- 
ing joint by a softer intervening membrane, and all 
regularly diminishing in size from the base to tho 
hooked apex. The pro-legs, or false legs, as they 
are called (Fig. 46), occur in pairs on the sixth, 
seventh, eighth, and ninth segments of the body, 
in addition to which there is an anal pair at its 
termination, and each consists of a complete circlet 
of rcicurved hooks, with the exception of the anal 
pair, where the circlet is only half complete ; they 
disappear completely during the metamorphosis. 
The creeping sensation produced by a catcirpillar 
crawling over the hand is due to the action of these 
hooks on the skin. 

We will now pass from these larval forms to the 
finished limb of the perfect insect., and will take in 
the first place that of the Water Scorpion, the 
ferocious aspect of which insect is due to a peculiar 
modification of the fore-legs, whereby they are 
diverted from their usual j>urpose and adapted 
(exclusively for tlio seizure of their prey. They 
become, in fact, a sort of hand instead of a leg. To 
this end the usual proportions between the joints 
are reviTsed, and instead of the coxa, the fimur 
(Fig. 0) is the largest joint of the leg, to allow 
room within it for the powerful muscles which 
close the next joint, viz., the tibia, upon it, some- 
what as the blade of a knife is closed by the spring, 
while to complete the parallel, the inner edgci of the 
femur is d(‘eply grooved, so as to receive the tibia, 
much in the sam(i way as the knifcvblade is 
received within the handle. W oe l/etide the luckless 
Ephemera larva that comes within the grasp of 
these terrible pincers. The tibia seems to termi- 
nate the foot, thei’e Ixung no appearance of tarsal 
joints. A slight line across the former, howciver, 
and a comparison with the other legs, give rise to 
the probability that the tibia and th(‘ single-jointed 
tarsus are here united into one piece, to form what 
may b(^ called the knife-blade. The other legs of 
this insect are formed for creeping, and present 
nothing more remarkable than the single-jointed 
tarsus.* 

A very similar formation of the leg occurs also 
in another insect of the same family, called 
Nancoris (Fig. 6). The latter, however, instead of 
displaying his weapons openly, as does the Water 
Scorpion, keeps them discreetly tucked under his 
chin, where they are doubtless equally serviceable 

* It will be seen that most insects possess several short joints 
in this division of the leg. For the names and sequence of the 
leg -joints see “A Cockroach:” “Science for AH,’* Vol. HI., 
p. 328. 
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and not so much in the way, as this insect is a 
powerful swimmer, its hind feet being modelled as 
oars on the same plan as those of the Water Beetle, 
to be hereafter descril^ed. 

There is an aquatic insect called Gerris^ often to 
be seen on the surface of clear running watei*, 
whereon it maintains its position against the 
stream by a series of forward jerks with its long 
intermediate legs. All of them are densely clothed 
with hair, exerting a repellent action on the water 
whereby they do not sink into it, and the insect 
consequently walks or rather darts forward on its 
surface. The tarsi consist of two joints, and 
differ from those of most other insects, in that the 
terminal hooks or claws are not placed exactly 
at the end of the last joint, but a little way back 
at the bottom of a deep notch as shown in Fig. 7. 
It is not easy to understand the object of this 
peculiarity. 

The tarsi of the great majority of insects are 
composed of from three to five joints. Of these we 
shall select in the first place the legs of the Great 
Green Grasshopper, as it is frequently but some- 
what erroneously termed, its scientific name being 
Gryllus viridissinnis, and it differs from the true 
grasshoj)[)ers in that the female is possesscnl of a 
long sword-like ovipositor with which to deposit its 
eggs in the ground. The tarsi of this insect, when 
looked at from above, appear to be distinctly four 
in number, but when seen from below they as 
distinctly amount to five (see Fig. 8, b). Possibly 

this may be evidence of a veiy slow and gradual 
change taking place in the conformation of these 
insects, that in long past ages the tai’sus consisted 
of five perfectly separate joints, but that subse- 
quently the two first have become by degrees more 
and more approximated and soldered, so to speak, 
together on their u]>])er surfaces, leaving the lower 
ones still imperfectly united as evidence of the 
original condition of things. That changes some- 
what similar to this do occur in the animal creation 
seems certain, for a ])erfect series of fossil forms of 
the horse family lias been discovered, the originals 
of which possessed distinctly thr(?e or four toes, 
and these by minute gradations pass into the single- 
hoofed form with which we are at present so 
familiar. Eac!> tarsal joint is providetl with a pair 
of soft pads or cushions, and in the last joint but 
one these are v(^ry large. But the tarsi do not 
yield all that is worth notice in the legs of this 
insect. The fore tibite (Fig. 9) are especially 
remarkable for a pair of oval orifices placed side by 
side near their uj^per extremities. They are con- 


nected with the main trachea passing down the leg. 
Their use is unknown. The hind femora are very 
large to contain the powerful muscles necessary for 
effecting the leaps of the insect, and a short 
explanation of the method by which this is effected 
may perhaps be acceptable to our readers. This 
portion of the limb contains within it two princi])al 
muscles ; the adductor muscle by which the limb is 
bent or flexed, and the abductor by which it is 
straightened. Both have their origin — as it is called 
— in the horny integument of the limb, i,e., their 
fixed ends are attached thereto, while the other 
extremity ends in a tendon attached to the point 
requiring motion, wliere it is said to b(i inserted. 
Fig. 10 shows a diagi’ammatic longitudinal sec- 
tion of the femur, the connection of the muscles, 
X, being the point where the tibia turns upon 
it, ad the adductor muscle, and ab the abductor. 
A very little consideration will show that the 
pull of the former on the point d, must have 
the effect of bending the tibia, while the action 
of the latt(U' on b must, on the other hand, 
straighten it. The act of leaping requires the limb 
to be suddenly and vigorously straightened, and for 
this purpose it will be noticed that the abductor 
muscle considerably exceeds the other in size. 

The legs of beetles offer a singular variety of 
curious and beautiful contrivances. As a typical 
form w(i may take that of the stag beetle (Fig. 11), 
and then look at some of the more interesting 
modifications which others of the same order 
present. The coxse, or basal joints of the legs of 
this insect, are lodged in deep hollows between the 
plates of the thorax, wliere they are secure from 
dislocation by any force, save such as would 
absolutely crush the ins(‘ct. This advantage, how- 
ever, is attended by a great limitation in the play of 
the joints, they being only capable of a limited 
amount of revolution, to use a sailor’s phrase, in a 
fore and aft direction. The. requirements of the 
insect, however, demand a certain amount of lateral 
motion to cause the legs to approach to or recede 
from the centre of the body, and this is furnished 
by the articulation of the coxa with the succeeding 
small joint, the trochanter; the trochantiu’ on the 
other hand is fixed to the femur and almost seems 
to form part of it. The femur is a stout smooth 
])iece, and is followed by the more slender tibia, 
which is furnished especially at its termination 
with a few short spinous projections. To this 
succeed the tarsal joints, five in number, exquisitely 
formed and glittering with an unajiproachable 
polish, the first four being conical, and fitting one 
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into the other with a cup -and-ball movement ; and 
the last considerably longer, and furnished with tlie 
ungues or terminal hooks, which again are allowed 
a certain freedom of movement within the cup-like 
cavity from which they take their rise. A slender 
process terminating in two feathery filaments may 
be seen between them. 

The under surface of the ttirsi in many beetles 
is covered with a pile of curiously-diversified hairs; 
more especially is this the case with the Carahidai, 
or ground beetles, the fore, and sometimes the 
intennediate tarsi of which are frequently adorned 
in this manner. Fig. 12 represents the extremity 
of the tiV)ia and the tarsus of one of these insects. 
The first three tarsal^ joints, it will be noticed, 
present a striated appearance, resulting from the 
close juxtaposition of the edges of a great number 
of delicate sj)atulate plates of cliitine (doubtless 
modified hairs) turned towards the spectator. 
When these are viewed sepamtely under a micro- 
scope, they are sf^en as in Fig. 13. The deep notch 
near the end of the tibia is another feature worthy 
of notice. 

Fig. 14 exhibits a hair from the under surface 
of the tarsus of Donacici crassipes, a pretty little 
metallic-coloured beetle, found sometimes on tlie 
stems of water-jjlants. 

Fig. 15 exhibits the fore-leg of one of the mimic 
beetles ox ^listerulce, so called because^ they have a 
w^ay of contracting their limbs and counterfeiting 
death when alarmc^d. Tljey arc found in the dung 
of horses and cows, and the broad stout tibia, 
with its blunt thorny projections, is well suited for 
forcing its way through the substance in which it 
lives, and is well in harmony wdth the compact 
form of the whole body, as W’ell as with the 
elbowed antennai w^hich are packed carefully away 
beneath the thorax, to be out of harm’s reach. 

Fig. IG shows the foot of a beetle belonging to 
the great weevil family. It is remarkable for the 
curious way in which the tarsus is thrust out at 
right angles from the extremity of the tibia, which 
ends off blunt, and is furnished with a stout spine 
bent down over it, which almost precludes the 
tarsus from assuming tlie position usual in other 
insects. 

Perhaps, however, the most astonishing structure 
presented by the feet of insects is that found in 
certain water beetles. Amongst these, the best 
known is the foot of the great water beetle Dyticus 
marginalia^ doubtless familiar to many readers. 
We will prefer, however, to take that of a some- 
what smaller insect of the same family, viz., 


Aciliua sulcatua (Fig. 17), common in ponds and 
ditches in the neighbourhood of London. The 
fore-feet of the male in this insect are at once 
distinguished from those of the female by the gi*eat 
dilatation of the tarsal joints, on examining which 
from beneath by means of a low power of a 
microscope, the three basal joints are found to be 
spread out into a broad flat surface (Fig. 18), across 
which run two narrow fissures, representing the 
divisions between the joints, the first of the three 
areas into which it is thus divided, viz., that 
formed by the basal joint, being considerably 
larger than the other two put together. All three 
are surrounded by a regular fringe of curved hairs, 
and from the broad surface arises a great number of 
cup or disc-shaped hairs, frequently but erroneously 
described as suckers. The great beauty of the 
spectacle they offer cannot be adequately conveyed 
by the pencil. Tlie large basal joint, it will be 
observed, carries one very large disc and two of 
medium size. A portion of its surface, together 
with the greater par ; of the two remaining joints, 
is beset with a multitude of very much smaller 
disc-bearing hairs. If we suppose a hair with a 
bulbous tip, as at Fig. 20a, to be thrust in at its 
extremity, as in Fig. 206, we shall have a good idea 
of the disc-bearing hairs of the beetle, which, 
indeed, are in principle only amplifications of 
those on the pads or pulvilli of flies, as already 
described (Vol. IV., p. 22), and their purpose is 
somewhat similar in both cases, viz., to enable the 
insect to adhere to a smooth surface, by means of 
a viscid fluid which exudes from the membranous 
discs of the hairs, with the more exclusive object, 
liowever, in thei case of the beetle, of er abling the 
male to seize and to retain the female during the 
breeding season. It will be noticed that the discs 
are marked with chitinous ridges, radiating from 
the ceiitre to the circumference, and giving them a 
very pietty appearance. That the discs are not, 
as was foniierly supposed, suckers, has been very 
conclusively shown by Mr. Lowne, who caused one 
of these insects to adhere to the interior of an air- 
pump receiver. Upon exhausting the air the insect 
remained attached, which of course could not have 
happened if the discs had really been suckers. 
The last two tarsal joints are of the form usual in 
other beetles. 

The intermediate legs of Acilius offer nothing 
remarkable, but the hind legs again deserve some 
share of our attention. In the first place we must 
notice that the coxm (Fig. 17) are enormously 
enlarged, to allow room for a great mass of muscle, 
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BO much, indeed; that they almost seem to form 
more properly a part of the body-wall of the 
insect, than to be the basal joint of the leg. The 
tarsi agaii (Fig. 21) are clothed with long hair, and 
are destitute of terminal liooks, whereby, in con- 
junction with the powerful muscles of the coxae, 
they are enabled to act as oars to propel the insect 
througli the water. 

Tlie whirlwig beetle {Gyrinus omtator) is, perhaps, 
one of the commonest of common objects of the 
country, familiar, indeed, to every child, yet few 
are aware of the many claims to interest it 
possesses. In passing w(‘ may remark that it has 
four compound eyes — ^two on the top of its head to 
keep a sharp look-out against danger from above, 
and two beneath to peer down into the depths 
after its prey. But our immediate interest is with 
th(» legs, the anterior pair of which do not offer 
anything remarkable ; but the two hinder pairs are 
unique, being formed on the following plan. The 
trochanter, the femur, and the tibia are broad, flat, 
triangular pieces (Fig. 22), narrow at the base, and 
broadening to the e'xtremity, and connected together 
by their outer angles. The first tarsal joint, 
however, is attached to the (wtreniity of the tibia 
by its inner angle, being just the reverse of what 
occui-s with the preceding, and togc^ther with the 
two following is j^roduced on the inside into a long, 
flat, leaf-like lobe. The fourth joint is long, flat, 
and crescent-shaped, and at its extremity it bears 
a minute terminal joint with its pair of hooks. 
The thin lobes of the first thi*ee tarsal joints, 
together with the fourth, fold over each other much 
as did tlie leaves of the little ivory tablets formerly 
used for writing memoranda, being connected 
togetiier by a \nyot at one (‘iid. When expanded, 
they must present a \'ery broad surface to act 
against the water in which they are immersed, 
while the body of the insect, as is well known, 
floats on tin* surface. This peculiar conformation 
of the legs is doubtless intimately connected with 
the power tlie insects jiossess of shaping their 
course in the mazy circles which render them so 
conspicuous. It is obvious that if the" tarsal lobes 
of one side were expanded, while those of the 
other remained closed, the insect M^ould be pulled 
round toward the closed side, just as a strong oars- 
man on one side of a boat would pull round a 
weak on(j on the other. But it is to be observed 
that no muscles are disceiiiible in the tarsal 
joints, while those of the femur and tibia are con- 
spicuously seen through the transparent integument. 
We must not omit to mention that the tarsi 


are fringed with long, transparent, flattened hairs, 
as shown in the drawing, serving doubtless to 
increase their surface. 

The foot of the ladybird (Fig. 23) consists 
apparently of three tarsal joints, the two first of 
which are clothed beneath with a dense pile of 
hairs. The last joint, it must be noticed, springs 
from near the base of the second, and not, as usual, 
from its extremity ; also, if looked at closely, it 
will be found that, though apparently a single joint, 
it really consists of two, a very short one inter- 
rening at its base, so that the tarsus really consists 
of four joints, and not three, as at first sight it 
might be thought. 

The legs and feet of flies present a general 
resemblances to that previously described in the case 
of the house-fly. Various jw^culiarities, however, 
may be noticed in them, such as the very long 
spines with which the femur and tibia of Cordylura 
apinmimm (Fig. 24) is armed, and the thick, strong 
terminal spine of the tibia in Bihio 'inarci (Fig. 23), 
a large black fly found on herbage in May or J une. 
This last also, together with souk? others, has three 
pads or pulvilli instead of two. 

The foot of the humble-bee is shown in Fig, 26, 
with its pollen ])late (a) and pollen brush (/>). Mr. 
Westwood tells us that the pollen plate ‘‘ exists on 
the outside of the hind til)ia and basal joint of the 
tarsi of the neut(*r hive and liumble be(‘s, which are 
rather hollowc^d out, and in which species it is 
employed to carry pollen grains which luive been 
saturated with honey.” It will be seen that the 
smooth surface of the joint is fringcnl with long 
curving hairs, forming a receptacle for the pollen. 
The basal joint of the tarsus is greatly enlarged, 
and is closely set with hairs, forming the ])ollen 
brush used for collecting that material. Fig. 27 
shows the fore tibia and tarsus of a smaller 
species of humble-bee. The tibia is armed at 
its extremity with a strong tooth-like process on 
the outside of thci joint, and on the inside is a 
movable spur, having a thin horny blade. Tlie 
first tarsal joint has at its base a deep notch, against 
which the blade of the spur closes (Fig. 28). It is 
said that the insect makes use of this apparatus in 
hackling its moss and building its cell. 


EXPLANATION OF FIGURES. 

Fij?. l.—Larva of Ephydra attached to Grasu Stem. 

Fig. 2.— Larva of Tanypus maculatus. 

Fig. 3a.— Anterior Foot of ditto, with Recurved Booklets. The 
Booklets in one Process ore shown withdrawn. 

Fig. 3?i.— Posterior Foot of ditto. 

Pig. 4a.— thoracic Leg of Caterpillar of Gk)at Moth. 
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Fig 46.— Proleg of Caterpillar of Gk>at Moth. 

Fig. 6.— Leg of Water Scorpion. In this and succeeding Figures 
the following letters are used : c, Coxa ; tr, Trochanter ; Femur; 
tih, Tibia ; tar, Tarsus ; the Tarsal Joints are indicated in their 
order by numerals. 

Pig. 6. — Leg of Naucoria. 

Fig. 7.~Tarsus of Qerria. 

Fig. 8a. — ^Ditto of Great Green Grasshopper, Upper Surface. 

Fig. 8b. — Ditto, Under Surface. 

Fig. 9.— Orilloes in Anterior Tibia of Ditto. 

Fig. 10. — Section of Hind Femur, showing Muscles ; ad, Adductor; 
ab, Abductor ; d, b, the Points of Insertion of each respectively ; 
a;, Fulcrum. 

Fig. 11.— Foot of Stag Beetle. 

Fig. 12. — Ditto of Ground Beetle. 

Fig. 13.— Si>atulate Hairs from ditto. 

Fig. 14.— Bifid Hair from Tarsus of Donacia crassipes. 

Fig. 15. — Leg of Mimic Beetle. 

Fig. 16.— Ditto of Weevil. 

Fig. 17. — Water Beetle (Acilius aulcatus). Under Surface, showing 
Patellated Tarsi of Fore-legs, and Enlarged Coxse (c) of Hind 
Legs. Slightly enlarged. 


Fig. 18. — Fore-leg of Ditto, magnified. The enlarged portion upon 
which the Discs are situated consistB of the first three joints of 
the Tarsus. 

Fig. 19a.— Large Disc viewed sideways, to show Pedicel. 

Pig. 19b.— Group of small Disc-bearing Hairs. 

Fig. 19c. — Small Disc, highly magnified. 

Fig. 20.— Diagram to illustrate Conversion of a Bulbous Hair into a 
Cup or Disc. 

Fig. 21. — Hind Foot of AcHiua aulcataa. 

Fig. 22.— Hind Leg of Whirlwig Beetle. The Muscles are seen 
through the Integument in the first three joints. 

Fig. 22a.— Tarsus of Ditto, the Joints being shown expanded. 

Fig. 23.— Foot of Ladybird. 

Fig. 24.— Leg of Cordyliira fpinimana. 

Fig. 25.— Ditto Bihio marci. 

Fig. 26a.— Foot of Ditto, showing three Pulvilli. 

Fig. 26a.— Hind Leg of Humble Bee, allowing Fringed Tibia or 
Pollen Plate, and Enlarged Basal Joint of Tarsus. 

Fig. 26f>. — Reversed Side of Basal Joint of Tarsus, showing Pollen 
Brush. 

Pig. 27.— Fore-leg of Small Humble Bee, 

Fig. 28.— Blade and Notch of Ditto. 


COAL-TAR. 

By William Durham, F. R. S.E. 


D irt has been dt^fined as matter in the wrong 
place/’ and if ever there was a substance) which 
deserved the name of dirt, that substance is coal- 
tar, which we have already briefly noticed in 
discussing the nature of coal-gas.* It might well 
be described in Scriptural language as ‘‘ broth of 
abominable things.” Black, sticky, greasy, emblem 
of all that is defiling, it has passed into the 
proverb, “You cannot touch pitch and not he 
defiled.” If we touch it, it sticks to our fingers or 
clothes like a leech, and we carry about with us 
for days its sickening stench. It cannot be washed 
away, as it floats on the surface of the water, ever 
ready, like the cuttle-fish, to seize in its disgusting 
embrace whatever comes in its way. Nothing but 
fire eflfectually destroys it, and we are tempted to 
consign it to the flames as an unclean thing. 

But ere we do so, let us for a moment think. May 
it not be matter in the wrong place '? Can we not 
find out that niche in nature’s fabric which it is 
fitted to fill ? Let us see what the cliemist has to 
say to the matter. We may be well excused a 
little incredulity when he tells us that with the 
aid of that filthy liquid the charms of the fairer 
})ortion of humanity may be greatly enhanced. 
We may be apt to conclude that if it is so, it 
must be among the dusky beauties of the South 
Sea Islands, who prefer striking effects to artistic 
design, rather than among the fair daughters of 
England, or Scotland, or America. The wizard 
* “ Science for All,” Vol. IV., p. 172. 


hand of the chemist, however, works many won- 
derful changes, and doubtless in this case he may 
make good the statement we have made. 

By many the cliemist is looked upon as a rather 
“ uncanny ” individual, who works among green 
and blue lights, producing somewhat miraculous 
results by a species of legerdemain, or it may 
be diablerie. We shall endeavour to show, how- 
ever, that he is not very difi'erent from ordinary 
mortals, and that his methods of working differ 
from those of other mvii only in the tools he 
employs ; the principles are the same. 

Suppose an aiitiijuary finds amidst a heap of 
rubbish a dirty-lookiiig body, but having an arti- 
ficial shape. He takes it out carefully, and clears 
away the outer crust, and perhaps notes a corner 
glistening with metallic lustre. Patiently he cleans 
and rubs, and bit by bit the metal comes out. It 
looks like pure gold, with some device upon it. 
Again he cleans, and, behold, a head ; yes, at last 
there it is — the head of an emperor, with the 
superscription, “ Cwsar Imperator,” ifec. He has 
unearthed a gold coin of “The Great Empire.” 
Now, the chemist proceeds on exactly the same 
})lan ; he separates and polishes after his own 
fashion, but he does more : lie does not throw 
away the various coverings, but puts them on one 
side till he finds a place for each, and, like the 
lapidary or the jeweller, he polishes, and cuts, and 
sets in various styles the jewel he may find, till he 
brings out all its beauty and usefulness. His tools 
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only are different. Instead of the grinding-stone 
and the polishing-powder, the gold or the silver, he 
uses his acids and his alkalis, and other substances 
that may be useful for his purpose. 

Let us see, then, how these principles are 
applied to the exauiinatioii of the substance 
we are to consider. Coal-tar, as is well known, 
is a waste juoduct in the manufactui*e of illu- 
minating gas. The gas coals are jdaced in a 
closed iron or earthenware retort, which is then 
exposed to the heat of a furnace ; the volatile 
constitu(‘nts of the coal ai'e driven off by the heat, 
and pass from the retort by a pipe into a second 
vessel partially filled with water, called a hydmulic 
main. Here the oily impurities are condensed, 
forming what we call coal-tar,’^ while the purif'ed 
gas passes onward to the other parts of the gas- 
making apparatus. Fig. 1 will giv(' an idea of the 
arrangeinent, —A is the retort ; b, the pipe leading 
to the hydraulic main ; 
c, tlie hydraulic main, 
where the tar is con- 
densed ; and n, the ])ipe 
heading from it to convey 
the purili(‘d gas. 

It is v(*ry easy to show 
by burning coal-tar and 
collecting the products, 
that it is mainly com- 
posed of carbon, as we 
might imagim^ from the 
source wlience it is de- 
riv(Hl, together with 

A 




Fig. l.—Ketort for Distilling Coal-tar. 


hydrogen, ni- 
trogen, and 
oxygen gases, 
and sulphui*. 
This mod(^ of 
procedure, how- 
ever, would not 
give us much 
information, so 
far as utilising 
the substance 
is concerned. 

We want to know how these sul)stances are 
arranged in the compound body, for much will 
depend on this. In arithmetic, for instance, we 
may liave only tin? figures 1, 2, and 3 to deal with, 
but the value of the sum represented will entirely 
depend on whether we arrange them as 123, 213, 
or 321. So with the constituents of coal-tar. We 
must, thei^efore, adopt some plan l)y which we shall 
know how the carl)on, hydrogen, (fcc., are disposed. 

We shall arrange, then, our inquiry into two 
departments : first, the separating process, and 
second, what we may call the polishing and setting. 
One m( 3 tliod, much resoi’ted to by chemists to 
separate various substances one from another, is 


wliat is called fractional distillation, and it is well 
we should clearly understand its principles. A 
common iron kettle or boiler may be taken as an 
illustration. We all know that most water ii? 
common use contains some solid matter in solution. 
Now, when the water is boiled it rises as steam, 
and leaves behind it the solid matter as a crust on 
the kettle. We may see this any day. If, instead 
of allowing the steam to be dissipated into the air, 
w(3 conduct it by a tube into a cold bottle or other 
vesstd, it is condensed into water again, and we find 
the water so condensed to be very much purer than 
it was before the boiling and condensing. In fact, 
we have sepaiuted by distillation the pure water 
from its solid impurities. It is not necessary, 
however, that the impurities be solid ; they may 
be liquid, but if so, their boiling-point must be 
either much higher or much lower than that of 
water itself, if we are to separate them by distilla- 
tion. ]f they have the same boiling-point, they 
will distil or rise in steam along with the water, and 
condense with it, so that there will be no sej)ara- 
tion; but if their boiling-point is lower than water, 
they will come away first and leave the water 
behind ; or, if tlieir boiling-point be higher, the 
water will come away first. Tlius, supj)Ose we have 
three liquids mixed, whoso boiling-points are respec- 
tively 100'’, 200% and 300° Fahr. It is evident we 
can sei)arate them by raising the mixture first to 
JOO’' or so, when the first will rise as vapour, and 
may be condensed ; then raising the temperature 
to 200% we shall get the second liquid, wliile the 
third will be left Ix^liiml. 

This method of fractional distillation has been 
applied to the analysis of coal-tar with most 
wonderful results. Tlie coal-tar is first se[)anited 
into pitch and tar-oil. The latter is then re- 
distilled at various tem])eratures and submitted to 
various processes, by which we get from it an 
almost endless variety of substances. A mere list 
of these, witli their composition and boiling-points, 
would almost fill a page of this work. We shall, 
however, confine our attention to four or five which 
have hitherto proved most useful and interesting. 
We do not mean to say that the substances in 
question actually exist in coal-tar as separate 
bodies, but only, if we may so speak, potentially 
that is to say, the application of heat to coal-tar 
breaks it up, and forms thes(i various chemical 
compounds. 

For many years the pitch got from coal-tar was 
only useful for the formation of artificial asphalte, 
and in the manufacture of black paints and varnishes, 
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wMle the tar-oil was only useful for creosoting ” 
timber. Of late years, however, by the persever- 
ing industry and ingenuity of chemists, these com- 
paratively useless materials have been made the 
basis of an entirely new manufacture, which promises 
to increase still further in importance and value. 

Having separated, by means of distillation, £c., 
the various constituents of coal-tar, we now pro- 
ceed to study the various polishing and setting 
processes by which the result referred to has been 
brought about. 

In the year 1856, Mr. Perkins was endeavouring 
to form artificially the well-known medicinal sub- 
stance ‘‘quinine.” In his experiments he was 
fortunately led to try the effects of bichromate of 
potash on anilhie^ which is one of tlie numerous 
products of coal-tar distillation. He did not suc- 
ceed in producing quinine, but, instead, got a dirty- 
looking, sooty precipitate of a very unpromising 
appearance. If the reader has access to any museum 
where coal-tar products are to be seen, an ex- 
amination of this precipitate will greatly enhance 
his idea of the credit due to Mr. Perkins for 
perseveringly investigating the properties of this 
accidentally-produced substance. He was, however, 
amply rewarded for his labours, for he found, 
after submitting it to purifying processes, that it 
gave rise to a most beautiful purple dye, which he 
named rn/iuve. This was the first gleam of the gold 
that lay hidden under the dirty exterior of coal-tar. 
There was one great drawback to the use of this 
dye on a large scale, and that was the small quan- 
tity of aniline which could be extracted from the 
tar. With characteristic energy Mr. Perkins set 
himself to overcome this difficulty. Aniline is com- 
posed of carbon, hydrogen, and nitrogen. Now, 
there is another product of coal-tar, got in large 
quantities, named benzol, a substance known to 
many as useful in removing stains and grease from 
wearing apparel. This benzol is entirely composed 
of carbon and hydrogen, in much the same propor- 
tions as they exist in aniline. Now, the problem 
was to change this benzol into aniline by adding 
the nitrogen and a little extra hydrogen. This is 
accomplished by first acting on benzol with strong 
nitric acid, when a compound named nitro-benzol is 
formed, from which aniline can be extracted by a 
further chemical process, which need not here be 
detailed. By this fortunate discovery Mr. Perkins 
at once opened up a new industry, and accomplished 
the first of a series of most brilliant chemical 
triumphs. Works were at once erected for the 
production of nitro-benzol and aniline, which in 
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their turn, as we shall see, gave rise to new 
products. 

A beginning having been made to the manufac- 
ture of colouring matter from coal-tar products, 
chemists were not slow to continue and extend the 
process. Curiously enough, the next step forward 
was due to the fact that benzol had been taken as 
the source of aniline. We have mentioned two 
products of coal-tar distillation, viz., aniline and 
benzol We direct attention now to a third, named 
“toluol,” like benzol in being composed entirely of 
carbon and hydrogen. This toluol has a boiling- 
point not veiy greatly different from that of benzol, 
so that in the commercial manufacture of the latter 
substance, where the niceties of chemical research 
are not necessary, a small quantity of toluol comes 
over with the benzol as an impurity. To this 
accidental impurity the discovery of the next dye 
is due. When aniline made from this impure 
benzol is acted upon by a fuming liquid called 
“tetrachloride of tin,” we get the beautiful crimson- 
coloured dye, well known to every one, called 
magenta* This result is not got when pure aniline 
is used. We thus see the importance of every 
little impurity that may be present in chemical 
manufactures. 

Magenta, although a most beautiful and useful 
dye of itself, is even of more value as a source, or 
rather raw material, for the preparation of other 
dyea It is now manufactured in immense quan- 
tities for this purpose, and from some of the 
residuary products dyes of varying tints have been 
obtained. One of these, named phosphine, is of a 
beautiful orange tint, and from it and magenta we 
can get scarlet. By heating magenta with a 
further quantity of aniline, a beautiful blue colour, 
called bleu de Lyon, is obtained. 

In studying this fact of the production of blue 
from the action of aniline on magenta. Dr. Hoffman 
was led to substitute other bodies for the aniline, 
and by this means he greatly extended the number 
of available colours derived from this source. The 
substances used by Dr. Hoffman were the iodides 
of ethyl and methyl. When either of these bodies 
is heated with magenta, various shades of violet 
and blue are produced, according to the quantity 
of iodide used. One of tlie most valuable results 
he obtained was the production of a brilliant green. 
To obtain this, the quantity of iodide must be care- 
fully attended to. This green is one of the most 
natural colours of the whole coal-tar series, and is 
as beautiful a colour by gas-light as by day-light. 

From the residuum from some of the processes 
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for obtaining blue shades, a very intense black is 
obtained. Thus, from these three products of coal- 
tar, aniline^ benzol^ and toluol^ the chemist, by 
various processes of purifying, mixing, and com* 
bining, gets vaiious shades of blue, violet, green, 
orange, crimson, scarlet, and black : surely a goodly 
crop of fruit to encourage further investigation 
into this endless storehouse of valuable products. 
We ai*e by no means, however, at the end of our 
discoveries. Among the bodies obtained by the 
distillation of coal-tar, there is one of considerable 
importance in many ways, familiarly known as 
carbolic acid. This substance crystallises in colour- 
less prismatic needles, which melt to an oily liquid, 
with a very penetrating odour and burning taste, 
and attacking the skin of the lips. One of the 
most interesting ]>roperties of carbolic acid is its 
action upon animal matter. It coagulates albumen 
or white of egg, and is a powerful antiseptic, pre- 
serving meat, <kc., most effectually, and even 
removing disagreeable odours from such substances 
after decomposition has set in. Mr. Crookes used 
it with much effect in staying the ravages of the 
cattle plague. In dressing wounds and sores, also, 
it renders very great service in preventing sup- 
puration and other evils. We are all familiar with 
it in its soothing influence upon toothache. It is 
used also in the manufacture of carbolic acid soap, 
where its action on the skin and disinfecting 
projierties are found to be of great utility. 

Like the other products of coal-tar which we 
have examined, carbolic acid, besides the useful 
properties already mentioned, is a source whence 
various colours may be produced. When acted 
upon by nitric acid, carbolic acid yields a pale 
yellow substance, named picric acid. This dyes 
silks in a most effective manner, the yellow colour 
being deeper than that of the picric acid itself. In 
combination with potassium, this acid forms a fine 
yellow salt, which is extremely explosive, and it has 
been pix)posed as a substitute for gunpowder in the 
charging of shells. From this fact considerable 
alarm was felt some yeai*s ago by many when it 
was known that some of the brightly-coloured 
socks then in fashion were dyed with compounds 
of picric acid, and alaiming visions of explosions 
under one’s feet made the wearers of these articles 
“ shake in their shoes.” As picric acid has a very 
bittei taste, it was thought it might be an improve- 
ment upon hops in the manufacture of bitter beer ; 
but the public might imagine that this was only 
transferring the danger of explosion from the feet 
to the stomach, and rather a questionable improve- 


ment. Besides the yellow picric acid, carbolic acid, 
by the action of other chemicals, gives rise to 
vaiious shades. Thus, by acting on it with a 
mixture of oxalic and sulphuric acid, a new body 
of gi'eat interest is produced, named rosolic acid, or 
aurine. This aurine is a brittle resinous substance, 
having a slight green metallic lustre. Its solutions 
are of an orange colour, but change into a most 
magnificent crimson on the addition of alkalis, 
such as soda, })otash, or ammonia. This colouring 
matter has not been so much applied in the arts, 
owing to its easy solubility in water. 

Besides the substances we have named as sources 
of colour, there are many others of much interest, 
from which beautiful shades may be got, but they 
are neither so well known nor so thoroughly under 
control as to be useful in the dye-works. It cannot, 
however, be doubted that future researches will dis- 
cover their properties thoroughly, and find a place 
for them also. 

There are points of interest regarding the 
application of these coal-tar colours to the arts 
which merit some attention. Ihey are for the 
most part comj)Ound8 of carbon, hydrogen, and 
nitrogen, and are generally what are called 
organic bases,'* having i)roperties which are 
opposite to those of acid ; while vegetable colours, 
on the other hand, which have hitherto been used 
for dyeing purposes, are for the most part composed 
of carbon, hydrogen, and oxygen, and possess weak 
acid propei-ties. It is therefore to be expected 
that in their application some change in the mode 
of treatment would be necessary, and some diffi- 
culties would be encountered. In using vegetable 
colours, mordants had to be used ; that is, some body 
having the property of fixing the colour in the fibres 
of the material to be dyed. Now, these coal-tar 
colours have such an affinity for silk and wool that 
no such thing as a mordant is required. All that 
is necessary is simply to dip the silk or wool in a 
bath of the colour, and it is rapidly dyed. Tlie 
very ease, however, with which the dye adhered to 
the fibre was a source of difficulty, as it prevented 
the dyer from obtaining an even colour, especially 
with lighter shades, in many casea This difficulty 
was overcome in some instances by mixing with the 
dye a soap lather or a little gum, which prevented 
the dyeing process proceeding too rapidly, so that 
it was much more under control, the soap or gum 
being afterwards washed out with steam or acidu- 
lated water. In printing patterns on silk, advantage 
is taken of the action of some substances on magenta, 
and colours derived from it. These subsuinces 
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form, with the magenta, colourless compounda 
All that is required, then, is to print on the 
magenta-dyed silk a pattern with one or other of 
these substances, when the colour is immediately 
destroyed, and we have a colourless pattern on a 
magenta ground. This process can be so modified 
as to print various colours on one piece of silk. 

In dyeing cotton goods, the difficulties were 
much greater, for although cotton, like silk and 
wool, was quickly and beautifully dyed by simple 
immersion in the dyeing solution, yet it was found 
it would not bear washing with hot water and 
soap, the colour being almost entirely removed by 
such treatment. The ordinary mordants — such as 
alum — used in vegetable-colour dyeing had no effect 
in fixing the coal-tar colour. After some time 
Mr. Perkins overcame this difficulty by soaking the 
cotton in a decoction of tannin in a solution of 
stannate of soda or alum before applying the 
colour. The tannin forms with the dye an in- 
soluble compound, and thus the colour is fixed in 
the cloth. In calico-printing, the mordant used is a 
solution of arsenite of alumina in acetate of alumina, 
by which patterns in a great variety of colours can 
be worked, and it is suitable for all the aniline 
colours, yielding gi*eat beauty and variety of shade. 
We tlius see that in every step of this new industry 
new processes had to be invented to overcome new 
conditions of working, but the result has been 
most encoumging; quite a revolution has been 
made in the arts of dyeing and printing ; processes 
have been simi)lified, and varieties have been in- 
creased to an almost unlimited extent. Coal-tar 
colours have been applied with much success to 
other useful purposes besides dyeing and calico- 
printing. They have been used as lakes or pigments 
in combination with alumina. Difficulties had to 
be overcome in this department also ; but skill and 
perseverance met with the usual reward of ultimate 
success, and now printing-colours of great beauty 
and brilliancy are in extensive use. Tlie arts of 
lithography, type-printing, paper-staining, &c., are 
all greatly indebted to the products obtained from 
the distillation of coal-tar. ^ 

The most important result obtained from the 
investigation of coal-tar products, however, remains 
to be noticed. Of all the vegetable dyes in use, 
one of the most valuable is derived from the 
madder-plant, which grows in various parts of 
Europe, and is cultivated for the sake of this dye. 
It is extensively grown in Holland, France, Turkey, 
Italy, and Southern Russia. Its cultivation was 
attempted in this country, but with no great 


success. Its importance may be inferred from the 
fact that the value of the madder consumed is 
between one and two million pounds sterling per 
annum. Now, the colouring pi-inciple to which 
madder chiefly owes its value as a dye is called 
alizariney and is, like many of the coal-tar products, 
a hydro-carbon : that is, composed of carbon and 
hydrogen ; and the question veiy soon suggested 
itself to chemists. Could not some of the coal-tar 
products be made to yield, or be changed into, 
alizarine ? Many were the attempts made before 
success was attained ; but at length it was accom- 
plished. We mentioned that the first process of 
distillation of coal-tar gave us as a result pitch and 
tar-oil, and from the latter we derive all the 
substances hitherto treated of. Now, by applying 
the process of distillation to the pitch, we get a 
hydro-carbon, called anthrcbceuy which contains car- 
bon and hydrogen in very nearly the same propor- 
tions as in alizarine. This anthracen can be got 
also from the tar-oil, but not in the same quantity 
as from the pitch. To this substance, then, the 
chemists turned their attention. Besides carbon 
and hydrogen, alizarine contains oxygen. What 
was requii-ed to be done was to take away from the 
anthracen what are called two equivalents of 
hydrogen, and add four of oxygeiL Various plans 
were adopted, and patents taken out for the pro- 
duction of alizarine. Generally speaking, each 
new plan was an improvement on its predecessor, 
and now the artificial production of this valuable 
dye is an established industry, doing business to 
the extent of nearly threti-quarters of a million 
pounds sterling annually. From this alizarine we 
get most of our red and purple-coloured dyes, 
Turkey-red being one well-known alizarine colour. 
Of course this artificial production of alizarine had 
a serious effect upon madder cultivation, and fears 
were entertained that the latter might be ex- 
tinguished altogether ; but it is doubtful if this 
will be the case, as new uses are always found for 
substances that are cheaply and plentifully pro- 
duced. However this may be. Great Britain has 
great reason to be satisfied with the progress of 
this industry, as well as with that of the aniline 
colours, as she is the great coal-tar producer of the 
world, and whatever increases the value of this 
substance adds greatly to her wealth, and gives 
employment to her teeming millions of workers, 
thus giving her a great advantage in that struggle 
for existence which seems to be a necessary law of 
our being. An idea of the vast quantity of coal- 
tar produced may be inferred from the fact that 
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the London gas-works alone produce no less than 
60»000 tons every year. Neither is it at all likely 
that We have exhausted the capabilities of coal-tar. 
Of the sixty or seventy distinct substances derived 
from it already known, only hve have been utilised, 
viz., aniline, benzol, tolnol, carbolic acid, and 
anthraeen, besides pitch itself, in the industries we 
have described. What the others may yet accom- 
plish time alone will show. 

It is worthy of note that the development of the 
coal-tar industry is entirely the fruit of abstract 
and theoretical chemistry. Many so-called practical 
men are in the habit of lightly esteeming abstract 
research and theories as of little value in the busi- 
ness of life. To such the discovery of the coal-tar 
colours is fraught with valuable lessons. The 
bodies we have referred to as the source of these 
colours were for many years merely chemical curio- 
sities. Thus benzol, for instance, was discovered 
by Faraday long before its commercial value was 
thought of. Had it not been for his and the 
researches of other chemists, coal-tar might still 
have been only a useless and disgusting nuisance, 
instead of a source of wealth and beauty. It is 
true that the first discovery of colour products was 
accidental; but the accident was due to the 
researches of a chemist into an interesting scientific 
problem, while the further progress was entirely 
due to systematic investigation, based on what is 
known as the theory of types. This theory may 
be somewhat undei’stood by considering the familiar 
substance, water, which chemists represent by the 

formula jj f which means that it is built up of 

two atoms of hydrogen and one of oxygen ; and it 
also suggests that one or both atoms of hydrogen 
may be replaced by other elements, or by what are 


called organic radicles. Substituting, for instance, 
for one of the atoms of hydrogen a radicle called 

ethyl, we get a substance with formula | O, 

well known to many under the name of alcohoL 
There are vaiious other types containing three or 
more atoms of hydrogen, each or all replaceable by 
other bodies. Now, it was on this theory that 
Hoffman and others conducted their experiments. 
Taking the coal-tar bases, and substituting for the 
hydrogen they contained various radicles, in one or 
more proportions, he produced the various shades 
of violet, blue, kc. The brilliant results obtained, 
therefore, were no mere chance productions, but 
the natural outcome of intelligent and systematic 
research. 

In this paper we have not entered into the 
details of manufacture, nor into the various im- 
provements which have been from time to time 
introduced into the various processes of production. 
We have rather traced the historical progress of 
one of the most remarkable chemical achievements 
of modem times, as illustrating the value of 
scientific principles in their application to the 
wants of every-day life. We have seen this black, 
dirty waste cleaned and polished, and set, like a 
veritable black diamond, until it reflects all the 
colours of the rainbow, from the deep reds of 
alizarine up through the crimsons, the greens, the 
purples, and the blues of aniline and its derivatives. 
When we gaze ui)on the dazzling splendours of the 
ball-room, with its rustling silks and its brilliant 
and varied colours, we are reminded that much of 
it is due to the patient researches in the quiet labora- 
tory, changing the black, uncomely coal-tar of our 
gas-works into “ a thing of beauty and a joy ibr 
ever ” — or, at least, for a reasonable length of time. 


WEATHER-SIGNS AND WEATHER-CHANGES. 

By the latb Robbkt James Mann, M.D., r.R.C.S., F.R.A.S., etc. 


I F it be true, as has been stated in a previous 
page of this work,* that the wind has more to 
do with the vicissitudes of the weather than even 
the prevalence, or deficiency, of sunshine, it follows 
that this subtle agent may be looked upon as a 
very significant and useful premonition of the 
changes that are at hand, and that the shif tings of 

* ** How Sunshine Warms the Earth ** Science for All,” 
VoL IL, p. 124. 


the wind may be accepted, when properly inter- 
preted, as the most trustworthy of all weather- 
forecasts. That this is the case is, indeed, a matter 
of common notoriety. Every one who gives any 
attention to the subject is perfectly aware that in 
England a south-west wind is accompanied by a 
soft, genial temperature, and that a north-east wind 
is characterised by chilliness and cold. The reason 
for thia is, of course, the obvious one that the 
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flourh-weat wind brings with it the warmth which 
it has imbibed from the southern expanses of the 
sea, whilst the north-east wind has just passed over 
land that is comprised within the cold high lati- 
tudes of the earth. With a south-west wind^ the 
inhabitants of England are enveloped in an atmos- 
phere that belongs properly to the more genial 
climates of the south ; with a north-east wind they 
are wrapped in an air-investment that belongs to 
the frigid plains of the north, and occasionally even 
to the frost-wastes of Lapland. 

The barometer derives its well-known and 
thoroughly deserved reputation as the best of all 
weather indicators from the circumstance that it 
deals essentially with this great moving-spring of 
meteorological vicissitude. As a matter of fact, it 
is the wind, rather than the rain, which the up- 
ward and the downward movements of the mercu- 
rial column give intimations of beforehand. The 
rain is but a secondary issue which is incidentally 
associated with the wind. This, however, is so 
important an element in what may, j)erhaps, not 
inaptly be termed the dynamic mechanism of the 
weather, that it requires some further notice in this 
placa 

The barometer, it will be remembered, indicates 
the pi*essure, or weight, of that portion of the 
atmosphere which is at the instant floating above 
the place where the instrument is. When the 
column of mercury in the tube is sustained at the 
height of thirty inches above the surface in the 
cistern, this implies tliat an air-column of the same 
transverse dimensions, but extending up to the 
summit of the atmosphere, at the same instant 
there weighs fifteen pounds.* If, then, the mercury 
in the tube sinks to twenty-nine inches, the fall of 
one inch indicates that the column of air weighs 
only fourteen pounds and a half. The air has 
become lighter, to that extent, over the place. The 
change in the weight of the superincumbent air 
may have been brought about in either of two 
ways. It may be simply due to the air having 
expanded itself to a further outward extent, or 
higher elevation, and to its having Utien ovei’flown 
the denser and less rarefied portions around until 
as much as half a pound by weight has been taken 
oflT from the part of the cistern upon which the 
column of equal area rests ; or, it may be caused 
by the circumstance that a heavier specimen of air 
has pressed in until it stands over the barometer, 
and so has taken the place previously occupied by 
the lighter ona In either case it is the downward 
* Why the Wind Blows “ Soienoe for All,” Vol. L, p. 324. 


pressure, or weight, of the air that is indicated by 
the barometer ; but in the latter contingency, which 
is of the more frequent occurrence, change in the 
height of the mercurial column of necessity, and 
obviously, indicates movements in the air, or in 
other words wind. 

A rise in the column of the barometer thus 
shows that heavier air is drifting in to the place 
just befoi*e occupied by lighter air. But as heavy 
air is almost certainly air that has been condensed 
by cold, a rise in the barometer indicates that it is 
a cold wind which is blowing. A fall in the 
column, on the other hand, shows that light air is 
arriving at a place just before occupied by heavier 
air, or, in other words, that it is a wann wind 
which is blowing. In the lower latitudes of the 
earth, whei’e the movements of the atmosphere are 
less interfered with by incidental disturbance than 
they are in colder climes, this is so certainly the 
case that change from warmth to cold, or from 
cold to warmth, may almost as well be inferred 
from the indications of the barometer as from those 
of the thermometer — the proper instniment for 
measuring temperature. In Natal, where the 
writer of these lines had the opportunity of closely 
studying the meteorological conditions of the air 
during some years, the coast of the great African 
continent trends from south-west to noi*th-east, and 
has the comi)aratively cool spaces of the ocean 
lying towards the south-east, and the sun-scorched 
highlands of the interior towards the north-west. 
In this situation the north-west land wind is 
invariably attended by a falling, or low, barometer, 
whilst the south-east sea-breeze is as constantly 
marked by a rising, or high, barometer. In Eng- 
land a somewhat similar condition commonly 
obtains — although not with the same constancy and 
regularity — on account of various secondary causes 
of disturbance which there come into play — ^the 
south-west wind, which sets in from the Atlantic, 
where the currents of the water flow from the sim- 
heated south, being usually accompanied by a 
falling barometer, whilst the north-east wind, which 
comes from the cold northern plains of Europe, is 
attended by a rising barometer. 

But the falling barometer in England is looked 
upon as the harbinger of approaching rain, and the 
rising barometer as the sign of fine weather. This, 
it will be observed, is exactly what should be in 
accordance with the statement just made, that it is 
wind, rather than rain, that is primarily dealt with 
by the barometer. The rain in the case alluded to 
is an incident, or consequence, of the wind. The 
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warm south-west wind, whicli is the cause of the 
fall in the barometer, comes from the broad basin 
of the ocean, heavily laden with the vapour which 
it has imbibed during its passage over the surface 
of the water, and it is this which is thrown down 
as rain as soon as the air is chilled by contact with 
the cooler land. The cold north-east wind, on the 
other hand, having been drifting for a long distance 
over the land, is already a dry wind, which has no 
moisture to spare. A falling barometer is thus in 
England an augury of approaching rain, because it 
is produced by a wind that comes off the sea, and 
that is the caiTier of moisture ; whilst a rising 
barometer is a sign of dry weather, because it is 
caused by a dry wind, which is destitute of vapour. 
The change which is experienced in the character 
of the weather is really duo to the circumstance 
that the inflowing current of air is either warmer 
or coldei', or dann>er or drier, than that which was 
prevailing before. 

The French meteorologist De Luc, who was one 
of the first observers that made any attempt to 
explain the operation of the barometer, conceived 
that its oscillations were entirely due to the vary- 
ing amount of vapour held in the air. This was, 
however, unquestionably a mistake. If this were 
the correct interpretation of the matter, it should 
be a nioisi and not a ilnj air which raises the 
column of the mercury. De Saussure, the eminent 
Swiss physicist, drew attention to this miscon- 
ception, and demonstrated very clearly that the 
oscillations are not by any means mainly due to 
the amount of vapour. Dalton and Gay Lussac 
agreed in this, and ingeniously proved that when 
water evaporates quietly in the open air, the 
vapour ascends through the interstices lying between 
the air particles exactly as it would if it were 
rising into an empty sjiace, and without in any 
way influencing those particles, either by its weight 
or by its elasticity ; so that, as a matter of 
fact, the pressure upon the mercury of the baro- 
meter is increased by the presence of atmospheric 
vapour. If there were no counterbalancing agency 
at work, the barometer would stand higher in 
moist air than in dry, and the south-west wind 
would tend to raise the column of mercury by 
the weight of the vapour-load which it biings. 
But the air in the case of this wind is, it must be 
borne in mind, expanded and light, in virtue of 
its high temperature , and this lightness of the air 
more than counteracts the additional pressure of 
the vapour. Of the two combined influences, the 
levity of the air acts more effectively than the 


heaviness of the vapour ; and the preponderant 
result is, therefore, a diminution of pressure. The 
south-west wind causes the barometer to fall by its 
warmth, and as a consequence of the expansion 
and rarefaction which are the concomitants of the 
high temperature. But in all circumstances it is 
the movement of the barometer — its rise or its fall, 
and not the mere height or depression of the 
column of the mercury in reference to the fixed 
scale of the instrument — which is the mark of ap- 
proaching change. This must be the case, since it is 
wind which is at the bottom of the affair. A very 
low barometer, if perfectly steady and without any 
tendency either to rise or fall, may exist for any 
length of time without the occurrence of rain. 
This is the case because, under such circumstances, 
there is the same low and steady atmospheric 
pressure for considemble distances in all directions, 
and there consequently can be no wind to bring 
in any sustained deposits of moisture. If there 
were wind, there would assuredly be a region of 
high pressure not far away from where the baro- 
meter is low. There must be a difference of 
pressure at short distances apart to set up an air- 
drift or current. The falling or rising barometer 
possesses its significance as a mark of changing 
weather because it is incident to the prevalence of 
wind. A falling baronieter is of necessity con- 
nected with high atmospheric pressure and low 
atmospheric pressure existing at comparatively 
near stations. It may, for the most part, be 
taken as the sign at one fixed spot that higher 
and lower air-pressure are operating not far away. 
The fall is then due to the gradual drifting up 
of the lighter air, which acts with a low pressure, 
and the drifting away of the heavier air in the 
giddy whirl of some aerial conflict. An adequate 
and complete appreciation of the air movement in 
progress requires that the indications of the baro- 
meter at numerous stations around should be 
simultaneously known. The observation of the 
behaviour of a single barometer at one particular 
spot is only of practical moment as an approxi- 
mate expedient, and because it enables a fairly 
probable guess to be made of the state of the air- 
pressure around. When the column of the mer- 
cury is stationary, it is inferred that there certainly 
can be no great diffei ence of air-pressure near ; if 
there were there would assuredly be wind moving 
over the place, and if there were wind the general 
mass of the heavier air would be drifting towards 
the position of lower pressure, or lighter air, and 
there would consequently be either a rising or 
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felling barometer, as the heavier or the lighter air 
came in over the instrument. A falling barometer 
thus shows that lighter air is approaching the 
station where it is observed ; and as in the British 
Isles the lighter air almost invariably comes from 
the warm south-western sea, it brings wit£ it 
clouds, and more or less copious deposits of rain. 

A due regard to these considerations at once 
furnishes a ready illustration and proof of the in- 
sufficiency, and, indeed, utter absurdity of the old 
practice of marking the scales of barometers with 
words which were taken to imply the conditions of 
the weather that were to prevail when the top of 
the mercurial column ranged near their position. 
Thus the height 29*5, or 29^ inches, was as- 
sumed to be the midway line separating fair from 
foul, and accordingly was inscribed as “change- 
able,^' half an inch above it being marked “ fair,” 
and half an inch below “ rain ; ” an inch and a 
half above changeable was regarded as “ very dry,” 
and an inch and a half below it “stormy.” In 
this arbitrary and altogether unwarranted formula, 
in which a iixed standard was assumed for a con- 
dition of nature that is itself literally as unstable 
as the wind, it was in some general sense conceived 
that the instrument was only to be used in situa- 
tions which were abgut at tlie same level as the 
surface of the sea. Of course it was well under- 
stood by the makers of tlie barometers, although, 
unfortunately, not as certainly by their purchasers 
and users, that one thousand feet of difference in 
elevation would at once sliift “ fair weather ” into 
“rain.” One thousand feet above the level of the 
sea corresponds with an inch less of pressure on the 
barometer. Therefore, with two barometers of 
altogether similar quality and construction, one 
placed at the level of the sea would declare “rain” 
as imminent ; whilst the other, upon a hill-side one 
thousand feet above, but under otherwise precisely 
similar meteorological conditions of the air, would 
be uncompromisingly fixed at “ fair.” But there 
is a still more serious reproach than even this 
hanging over the old plan of scale-nomenclature. 
From the mere difference of atmospheric pressure 
at different times in the same place, in temperate 
regions of the earth, the column of the barometer 
varies in height in extreme cases between twenty- 
eight and thii*ty-one inches; and in frequently 
recurring instances between twenty-nine inches and 
thirty inches and a half. Now the “ changeable” 
point may, in reality, correspond with any and 
every part of this extended range. A barometer 
wliich has been standing steadily for some days at 


thirty-one inches of tlie scale, if it fell to thirty 
inches within twenty-four hourd, would give a most 
absolute indication of change, and intimate most 
cei*tainly the approach of strong wind, and most 
probably also of rain, although at the lowest 
elevation it was corresponding with “ fair ” upon 
the scale. And so, in a similar way, a barometer 
that had been standing at twenty-eight inches for 
some days, if it rose within twenty-four hours to 
twenty-nine inches, would assuredly indicate that 
a cold dry wind was at hand, although the word 
on the scale with which it was then associated 
would be “ rain.” A barometer standing steadily 
at “ changeable,” as a matter of fact gives a more 
trustworthy promise of a continuance of fine 
weather than one which is descending rapidly from 
“ very dry ” to “ settled fair.” There is nothing, 
therefore, to be doiie with these old arbitrary 
scale-nomenclatures but to I’eject them at once as 
unworthy of the attention of anyone who pretends 
to turn the barometer to a serviceable and scientific 
use. This is now well understood by all meteoro- 
logically instructed people ; but it is, nevertheless, 
a point of such paramount im|)oi'tauce to the ap- 
plication of the instrument to any purix)8e of 
prognostication or forecast, that it is not possible to 
do otherwise than insist upon it here, even at the 
risk of seeming to rej>eat what, in this age of im- 
proved scientific teaching, all educated people 
should be presumed to know. 

The Meteorological Office of London, which is 
gradually organising itself into an injportant 
depository of meteorological information, adopts 
one inch and a half as the frequent and common, 
and three inches as the possible, range of barometric 
pressure for places situated like the British Isles. 
A former Pi*esident of the Meteorological Society 
(Mr. H. S. Eaton), by an elaborate discussion ol 
barometric records made in London during the last 
hundred years, has determined the mean height of 
the mercurial column for that peiiod and place to 
have been 29*952 inches. The range of the 
barometer for the sea-level in London may therefore 
be taken to lie very nearly between 28^ and 31J 
inches. 

In proceeding now, after this preliminary clear- 
ing of the ground from erroneous conceptions and 
fallacies, to point out what the real capacities of 
the barometer as a weather guide are, it may not 
be amiss as a first step to recall to the mind of the 
reader the circumstiince that there are two great 
antagonistic currents affecting the atmosjjhere of 
the earth — the one flowing in general terms from 
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the poles to the eqnatori and the other from the 
equator to the poles. The polar currents — ^that is, 
the aerial streams from the poles —flow for the most 
part at a lower level near the surface of the earth, 
whilst the equatorial currents pass in the opposite 
direction above, so that between them there is 
kind of vertical circulation of the air. Some such 
circulatory movement of course must be estab- 
lished, since the air which flows from the poles has 
to be continually fed by a compensatory current of 
supply. Tliei'e is at no time any cessation of the 
flow ; but the equator-ward ativance of the lower 
currents of the air is, to a certain extent, biassed 
by the rotatoiy whirl of the eat*th. The air which 
comes from the parallels of narrower rotatory move- 
ment, hangs back over the terrestrial surface, which 
is advancing with a higher rate of speed towards 
the east. The currents which are flowing towards 
the pole, being impressed with the higher momental 
velocity of the wider terrestrial circles they are 
leaving, overshoot the actual eastward movement 
of the ground, and so give a westerly set to the 
southerly wind. This, it will be observed, is 
exactly the reverse of the trade-wind procedure 
already described.* The south-west wind, so 
prevalent in England, is primarily the reversed air- 
current which returns above the north-east trade, 
and which very commonly makes its way down to 
the lower levels of the atmosphere somewhere 
between the thirtieth and fiftieth parallels of north 
latitude, and then flows on along the immediate sur- 
&oe of the sea. The southing of this wind is its 
natural set from the equator to the pole, and its 
westing is the rotatory impulse impressed upon it 
from the whirling earth. In the lower latitudes, 
the general flow of these two antagonistic currents, 
the one above and the other below, is maintained 
with almost unswerving evenness and regularity; 
but in the higher latitudes, where what are termed 
the “ variable winds ” prevail, it is sometimes the 
one and sometimes the other of these currents 
which is in the ascendant at any particular station 
or spot, and then when the polar current is pre- 
dominant the air of the place is cold, heavy, and 
dry, and when the equatorial current is in the 
ascendant the air is warm, light, and moist With 
the former condition, as a matter of course, the 
high reading of the barometer accompanies the 
predominating influence of the heavier air; with 
the latter, the low barometer indicates the opposite 
condition of the atmosphere. 

* “How the Wind Ohanges “Science for All,” Vol. II., 
V 


A rapid &I 1 or a rapid rise in the column of the 
barometer, from whatever point of the scale the 
fall or the rise may begin, intimates that a strong 
wmd is about to blow, and that this wind will 
bring with it a change in the physical conditions of 
the air, or, in other words, of the weather ; but of 
what precise nature that change is to be must in 
the main depend upon the direction from which 
the strong wind is about to arrive. As a general 
rule, in such circumstances the wind in England 
will come in from the south-west, and will be 
accompanied by rain, and the change will be ex- 
perienced in the first instance towards the west, 
and will be gradually passed on towards the east. 
Wet weather very commonly indeed begins in 
Ireland a day or so before it is experienced in the 
neighbourhood of London. Actual storms are 
quite frequently felt uj>on the south coast of Ireland 
thirty-six hours before they present themselves in 
the estuary of the Thames. In such instances 
their approach is now invariably proclaimed before- 
hand in the precincts of the great metropolitan 
centre of commerce by the instrumentality of the 
electric telegraph. When the differences of the 
readings of the barometer at two remote stations 
within the extent of the British Islands can' be 
telegraphically compared, it is i)08sible to estimate 
with a fair approach towards certainty even what 
the strength will be with which the in-coming wind 
will be found to move. Thus it has been well 
ascertained that a strong, fresh gale scarcely ever 
prevails upon the southern coasts unless there has 
been a few hours before a difference of at least half 
an inch in the readings of the barometer in the 
north of Scotland and in the south of England. 
But if, with a south-west wind, the barometer in 
London falls half an inch in thirty-six hours, this 
is obviously pretty much the same thing as know- 
ing that there was a difference of the same amount 
at places between which the general air-drift has 
moved within that time, since it is the drift of the 
wind which is the effective cause of the fall. 

But yet again, when by the help of telegraphic 
information the readings of the bai'ometer at seveml 
different stations around are known, it is quite 
possible by their comparison to discover beforehand 
what the direction is from which the approaching 
wind is on its way. Thus, assuming that at any 
particular instant it is found the barometer is 
standing half an inch lower at the northern ex- 
tremity of Scotland than it does in London, the 
strong wind will almost certainly arrive from the 
west ; - but if the low reading is in London and 
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the high reading is in Scotland, the wind will come 
from the east. The spell by means of which this 
piece of meteorological necromancy is worked is the 
one which is technically formulated and known as 
‘‘Buys Ballot’s law/’* and which, it will be 
remembered, is to the effect that if an ob&rver 
stands with his left hand towards the place where 
the barometer is low, and with his right hand 
towards the place where it is high, he will almost 
certainly have the wind blowing upon his back. 
Thus, with low pressure in the west and high 
pressure in the east, the wind will be from the 
south ; but with the low pressure towards the 
east and the high pressure towards the west, the 
wind will be from the north. 

The ordinary and proper coui*se through which 
the variable winds change, or veer, in the northern 
hemisphere of the earth, is from west through noitli 
to east, and then from east through south to west.t 
When the wind veers in England, in this usual 
course, from the south-west through west to north, 
the barometer rises and the air-temperature falls 
during the progress of the change. In the season 
of summer the progress is accompanied by rain, 
and not infrequently by thunder-storms. In the 
spring it is often associated with sleet and snow. 
This is all due to the circumstance that during the 
change a strong conflict is taking place between the 
warm and moist equatorial current and the cold 
and dry antagonistic one from the pole. The 
thunder-storms are invariably the more violent 
accordingly as the difference of tc'inperature is 
gi'eater in the two contending currents. After 
this state of tilings has continued for some little 
time, the sky clears, and the barometer first ceases 
to rise, and then begins to fall with the wind from 
the east. High streaks of cloud next appear, drift- 
ing up from the south, and gradually thicken and 
descend until they cover the sky. With the first 
advent of the south wind below snow frequently 
falls, on account of the greater coldness of the 
place ; but if the barometer continues to fall whilst 
the wind veers through south-east and south to 
south-west, the snow speedily gives place to rain. 
One of the most constant and trustworthy of the 
signs of the approach of a moist south-west wind is 
the appearance of clouds moving in that direction 
in the higher regions of the atmosphere, although 
rhe north or east wind may be still blowing below. 
If this occur with a falling barometer, there need 

* *‘How the Wind Changes; ’’ “Science for All,” VoL II., 
p. 20. 

+ Ibid., Vol. II., p. 18. 


be no doubt that the south-west wind will soon be 
established. The light south-west wind prevails at 
high elevations before it can make its way through 
the denser strata beneath ; the north-west wind, 
on the other hand, more commonly affects the 
entire depth of the cloud-bearing layers of the 
atmosphere at once. 

Violent gales most commonly burst upon the 
British Islands from the south-west, and are due to 
the sudden supremacy of the equatorial current 
after a conflict with the polar one. Storms from 
the north-east, however, occasionally occur, and 
when they do are especially dangerous ; because 
they give less obvious indication beforehand of their 
approach, and also because they are more per- 
tinacious and inveterate when they prevail, often 
blowing steadily from the same point, without any 
tendency to shift or veer, even for days. They are 
generally preceded by a prolonged continuance of 
low temperatures and cold weather. 

When the wind veers through a retrograde course, 
instead of through the one that is generally pur- 
sued — that is, when it shifts from north-east 
through north and west to south-west, a process 
which is technically distinguished as the backing of 
the wind — this is usually associated with a con- 
tinuance of coarse and unsettled weather. The 
disturbance in such case may be referred to the 
warm soutli-west current gradually forcing its way 
through the resistance of a strong j)olar wind. 

The high steady barometer and calm settled 
weather are characteristic of the condition of the 
atmosj)here which is meteorologically distinguished 
.as the “ anticyclone,” and which has been ah'eady 
alluded to in this work.J In this state there is a 
general tendency in the air to move gently out 
from the position of highest atmosi)heric pressure 
all round, and to veer through the retrograde course 
— that is, from south through east to north. The 
case is, however, effectually distinguished from the 
retrograde veering above referred to as indicating 
unsettled weather by the gentleness of the breeze, 
and by the height and steadiness of the barometer. 
When the barometer continues steadily high at 
any given place, with a light wind and diy weather, 
there is, so to speak, a supembundance, or heaping 
up, of the air there, with no other tendency to 
movement than that which is connected with a 
gentle overflow in all directions around. 

The conclusions drawn from the rise and fall of 
the barometer have frequently to be modified by the 

J ‘ "Weather Telegraphy;” “Science for All,” Vol. IL. 
pp. 368, 370. 
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consideration of other meteorological conditions — 
such as temperature, moisture or dryness of the air, 
direction and force of the wind, and the general 
aspect of the sky. The temperature and moisture 
of the air are ascertained by the agency of instru- 
ments provided for that purpose, and known as the 
thermometer and hygrometer. Of these, the ther- 
mometer is even more sensitive than the barometer. 
A sudden rise of the air temperature in winter 
time is always an event of suspicious augury. It 
has been remarked that whenever there is a 
difference of something like thirty degrees in the 
temperature of the north of Scotland and the south 
of England, heavy gales are almost sure to ensue. 
The indications of approaching change furnished 
by the thermometer are, on the other hand, subject 
to the serious drav’^back that the instrument is 
simultaneously affected by various incidental causes 
of disturbance, such as exposure and position, and, 
above all things, the recurrence of alternating day 
and night. The changes of temperature due to 
these disturbing agencies are commonly so large 
in amount tliat they quite swallow up and destroy 
the influences incident to the movement of the 
wind, and therefore are only of secondary import- 
ance in comparison with the indications of the 
barometer. But they nevertheless have a certain 
practical value when properly and relatively re- 
garded. Thus, if the air gets warmer and damper 
with a falling barometer, it may quite safely be 
inferred that a south-west wind is at hand ; and if 
it becomes colder and drier with a rising baro- 
meter, there is the same certainty of assurance that 
a north-east wind will soon be in the ascendant. 
If the air gets warmer with a high barometer and 
a north-east wind, a south wind will not be long 
before it appears. If the air becomes colder with 
a low barometer and a south-west wind, squalls 
from the north-west will almost certainly follow, 
and if it be the season of winter, these will be 
most probably accompanied by snow. 

It may, perhaps, be as well here to remark, 


although the circumstance must be pretty generally 
known, that the first indication of change in the 
height of the barometer after it has been stationary 
for some time may be found in the appearance 
assumed by the top of the column. It becomes 
concave when the mercury is about to fall, and 
convex when it is about to rise. The reason for 
this is, that either the ascent or descent of the 
liquid metal begins at the central part, where it is 
least influenced by adhesion to, or attraction by, 
the glass of the tube, and where it is, therefore, 
more free to move under the alteration of the 
pressure. This changing contour of the summit of 
the column is “ mercurial in more senses than 
one. It is perhaps the most delicate of the sym- 
bols which have to be interpreted by weather 
prophets, and before all else justifies the remark 
happily made elsewhere,* that meteorologists “ feel 
the pulse of the atmosphere when engaged about 
their forecasts. A steady barometer for the most 
part indicates that no change in the weather is at 
hand. A very slow rise from a low point is 
usually associated with high winds and dry wi^ather. 
A veiy slow fall from a high point is usually con- 
nected with wet, unpleasant weather without much 
wind. There is, however, most danger of a sudden 
change occurring without clear barometric warning 
when the column is standing low, because heavier 
air of necessity always tends to force its way in 
when the pressure is low. It very frequently 
happens that several distinct areas of low pressure, 
such as are indicated by the low state of the 
barometer, follow each other across the Atlantic 
in rapid succession, like eddies pursuing each other 
in a turbulent stream of water. There are then 
successive bursts of storm, separated from each 
other by jiauses of calm. A singularly marked illus- 
tration of this state occurred in the spring of 1868, 
when not less than twenty-seven distinct storms 
were recorded in the Meteorological Office between 
the 13th of January and the 25th of March. 

* Scott : “ The Barometer Manual of the Board of Trade.'’ 


A BAR OF IRON. 

By Geouoe W. von Tunzelmann, B.Sc., etc. 


A BAR of iron, as it usually appears to the eye, 
is brownish in colour. The brown is, how- 
ever, not the pure metal, but a coating of rust, 
which we have seen* is simply ferric oxide, or 
♦ “Science for AU,” VoL II., pp. 41, 24L 


the gas oxygen in union with the metal through 
its contact with the air, or with water which con- 
tains the former. The rust filed off and a fresh 
surface obtained, we see at once that iron is a 
whitish, blight metal In its native state, how- 
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ever, mixed as it almost invariably is with various 
ImpuritieB, it is singularly unlike the metal turned 
out of the smelter’s furnace. 

Iron exists in small quantities in the native 
state, chiefly in meteorites;* but it is mainly found 
in combination either with oxygen or sulphur. 
Iron pyrites (“ the diamond ” of slates) are formed 
of a compound of iron with sulphur ; but though 
containing the metal in large quantity, they are 
not used for its extraction owing to the difficulty 
of completely removing the sulphur, a very small 
quantity of which is sufficient to render the iron 
useless. The ores from which iron is actually 
extracted contain the metal in combination with 
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Fig 1.— Section of a Blast Furnace. 

oxygen, and sometimes with carbonic acid, and 
the value of the ore depends far more upon the 
nature than upon the quantity of other substances 
present. 

In the extraction of iron on the large scale, the 
process is usually begun by romtincj the ore mixed 
with coal (or charcoal in countries where wood is 
plentiful), either in open heaps or kilns, in order 
to expel water, and also carbonic acid if present. 
The ore is then introduced alternately with layers 
of fuel and of limestone into a hlast furnace^ whicli 
‘Science for All,” Vol. IV., p. 33. 


is kept at a high temperature by a continuous blast 
of hot air (Fig. 1). The object of the limestone is 
to form a fusible slag, which surrounds the metal 
when first formed, and thus preserves it from being 
oxydised, and also prevents the formation of a less 
fusible slag containing iron, which would entail a 
large loss of metal. The iron gradually collects at 
the bottom of the furnace, and is run ofi* from time 
to time by piercing, with an iron bar, a plug of 
sand and clay by which the tap-hole is closed. 
The iron so obtained is known as cast iron^ and 
is combined with a large quantity of carbon ob- 
tained from the fuel, together with other impurities, 
such as silicon, sulphur, iffiosphorus, often a con- 
siderable proportion of manganese, and frequently 
other metals in smaller quantities. 

If we take a bar of cast iron and try to draw it 
out into wire, we shall find that it will be impos- 
sible, as the bar will break before it has been 
I stretched to a sensible degree. If now we lay 
^ it upon an anvil and try to hatnmer it out into 
^ a fiat plate, we shall find that the bar will fly 
\ to pieces under the hammer. Thus we find that 
\ cast iron is neither ductile nor malleable ; that 
\ is, it can neither be drawn out into wire nor 
\ hammered out into a sheet. We will now take 
\ another bar of cast iron, long and narrow, and 
' j we will try to bend it ; but we 

shall find that this too will be 
impossible, as the bar will 
break off short even if the 
. forcebe very gradually applied. 

We will finally supi)ose that 
^ short, thick bar of cast iron 
placed between the plates 
of a very powerful press, such 
^ ^ hydraulic press, and very 

great pressure applied. We 
shall find that in this way too 
it will be quite impossible to 
flatten out the metal to any 
perceptible extent, but when the pressure becomes 
very great the bar will be crushed. This last ex- 
periment will probably be beyond the means of 
most of us, but the others may all l>e performed 
with very little trouble. 

We shall now describe an easy way of proving 
that cast iron cannot be stretched, as the apparatus 
is very simple, and will serve us again to show that 
wrought iron can be stretched. Moreover it will 
enable us to experiment upon the relative ductility 
of different metals in the form of wire or of narrow 
bar& 
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First we must procure from an ironmonger two 
pairs of pincers of a peculiar form, with the handles 
turned round into hooks, and known as wire- 
drawing dogs (Pig. 2). They ai*e so made that 
when a loop of wire or stout cord is passed through 
the hooks at the end of the handles, and a small 
bar fixed at one end is grasped by them at the 
other, then the harder the loop is 
pulled the more firmly they grasp the 
bar. 

We now make a loop of very strong 
iron or steel wire, and pass it over a 
strong fixed horizontal bar^ to serve as 
a support for the whole apparatus. On 
to the lower part of this loop we hook 
the first pair of dogs^ and make them 
grasp one end of a narrow cast-iron 
bar; the other end of the bar must 
then be grasped by the second i)air of 
dogs^ from the handles of which a 
heavy weight is to be suspended by 
means of a second loop of strong iron 
or steel wire. Our apparatus is now 
complete, and we must go on increasing 
the weight until the bar breaks, which 
we shall find it will do quite suddenly, 
without previously stretching to any 
perceptible extent In this expei-i- 
inent we should of course use as thin 
a bar as possible ; but supposing we 
had apparatus at our command of sufficient size 
and strength to enable us to employ a bar 
having a section of one square inch in area, w'e 
should find that it would break oflf short when 
the suspended weight amounted to about eight or 
nine tons. This we express by saying that 
the tensile strength of average cast iron is 
such as will bear the strain produced by a 
weight of from eight to nine tons per square inch. 
If we were to take a short piece of a similar bar, 
having also a section of one square inch in area, 
we should find that it would not be crushed until 
the pressure amounted to about forty tons, so we 
see that average cast iron will l^r a compressing 
force nearly as great as would be produced by a 
weight of forty tons j)er square inch. For example, 
a cast-iron plate ten inches square, and therefore 
containing a hundred square inches, would bear a 
weight of nearly four thousand tons without being 
crushed. 

Owing to its brittleness, cast iron cannot be 
employed where it would be liable to sudden shocks, 
as in a railway bridge. It is found that the 


brittleness which we have shown to be characteristic 
of cast iron is due almost entirely to the presence 
of the large amount of carbon in combination with 
the iron, so that in order to get iron that will 
admit of being drawn into wire, or hammered 
out into sheets, we must remove the greater part 
of the carbon. 

Iron which contains less than five parts of carlnm 
in a thousand of iron is called wrougJU iron, and is 
then both malleable and ductile, the malleability 
and ductility gradually increasing as the proportion 
of carbon diminishes, while at the same time the 
temperature required to fuse the metal gradually 
rises. In order to obtain wrought iron from cast 
iron, the cast iron is melted in a shallow furnace, so 
constructed that the flames play directly upon the 
metal Air is kept continually passing over the 
molten iron, and this causes a surface oxidation of 
the carbon and silicon, and also of a portion of the 
iron. The whole mass is constantly stiired with a 
long iron rod, in order to expose a fresh surface to 
the oxydising action, and also to mix up the oxide 
of iron formed at the surface with the melted mass, 
the efiect of this being that the oxide is reduced 
to the metallic state by its oxygen combining with 
the carbon of the cast iron to form carbonic acid, 
while a siliceous slag is gradually formed upon 
the surface. The mass gradually gets thicker 
and more tenacious as the carbon is burnt away. 
Towards the end ot the operation air is excluded 
from the furnace, and the mass is heated by itself 
for some time ; finally it is drawn out in the form 
of a large ball of soft iron adhering to the end of 
the iron stirring-rod. Tliis process is known as 
puddling (Fig. 3). As soon as the mass is removed 
from the furnace it is brought under a powerful 
hammer, to beat out the slag, and unite the par- 
ticles of iron into a uniformly coherent mass. 

If we take a bar of the wrought iron so obtained, 
and submit it to the same experiments that we 
made with the bar of cast iron, we shall find that 
its properties are very different. In the first place 
we shall find that when a pulling force is applied 
to it, it never breaks off short, as is the case with 
cast iron, but it first stretches to a considerable 
extent. We cannot draw out a bar or a short 
piece of thick wire into a long piece of fine wire 
by merely pulling the ends apart, for we can never 
get a bar that is perfectly homogeneous ; there will 
always be some j)art that is weaker than the rest, 
so that the greatest stretching will take place at 
this point. Now as the stretching is greatest, the 
section will have become smallest at this point. 
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and therefore as we continue the pulling there will 
be less resistance offered to stretching here than at 
any other part of the bar, so that we shall ulti- 
mately sepamte the bar into two pieces, each 
tapering to a point. In order to make the stretching 
even throughout, and so draw out a short round 
bar into a long piece of line wire, we file down the 
end of it so as to make it fit into a hole, very little 
smaller in diameter than the bar, made in a strong 
steel plate. The bar is then pulled through the 
hole, becoming narrower, and at the same time 
longer; and this process is continued, using a 
smaller hole each time, until we have got a piece 
of wire as fine as we desire. 

Iron is one of the most ductile metals, but even 
in its purest form its ductility is less than that of 
gold, silver, or platinum ; h\xt it is more ductile 
than copper. It is generally found that the 
properties of malleability and ductility go to- 
gether, so that if we were to draw up two lists 
of metals, one arranged in order of ductility and 
the other in order of malleability, the two lists 
would be veiy nearly identical, but not precisely ; 
for instance, we should find that in the first list 
iron would stand above copper, but in the second 
iron would be placed belo'w copper, being less 
malleable, although more ductile. 

Gold jx>ssesses both these properties to a much 
higher degree than any other metal, and indeed than 
any other known substance. This metal can be 
hammered out into leaves which are less than the 
200,000th of an inch in thickness, and these leaves 
are transparent to tlie green rays, so that if a piece 
of gold leaf be held up between the eye and sun- 
light it will appear to l>e of a green colour. A 
single grain of gold may be dmwm out into a wire 
500 feet in length ; but the best way of showing 
the extreme ductility of gold is to gild a bar of 
silver and then draw the bar into wire. One 
ounce of silver gilt with eight grains of gold has 
been drawn out into a wire 13,000 feet long, 
remaining throughout its whole length completely 
covered with gold. Ductility and malleability are 
chiefly illustrated by the metals, and in the middle 
ages they were supposed to be essential j)roperties 
of a metal, so that the brittle metals, antimony, 
bismuth, and zinc, were called by the alchemists 
bastard or semi-metals : that is, as Paracelsus tells 
us, substances w^hich are malleable to a certain 
extent, and which therefore somewhat resemble 
metals. 

A good illustration of ductility is also afforded 
by glass, which is composed of a mixture of silicates 


of different metals, chiefly potassium, sodium, and 
calcium. Glass, though so brittle at ordinary 
temperatures, becomes extremely plastic and ductile 
when heated, and so great is its ductility that a 
glass tube may be drawn out at a moderately high 
temperature, and that without the aid of any 
apparatus such as a wire-drawing plate, into a fibre 
finer than a single thread of unspun silk; and if 
this fibre be examined by the aid of a microscope, 
it wdll be found still to retain its original tubular 
form. 

Let us now’ try the effect of hammering a bar 
of wrought iron upon an anvil, and of compressing 
another bar in a jx)werf ul press : we shall find in 
both cases that the iron will flatten out to a con- 
siderable extent before it begins to crack. We shall 
also find that a bar of wrought inm may be bent 
w’ithout difiiculty. 

We shall find that the bar may be hammered out 
or comj^ressed to a much greater extent if it be 
first heated to a strong red heat, as it then becomes 
plastic, and in this condition it can not oidy be 
beaten out very readily, but two sepamte pieces 
of metal can be hammered into one mass in such 
a w^ay that no join is i)ercej)tible. This process, 
which is known as welding, will afford us a good 
illustration of the physical phenomena of adhesion 
and cohesion. 

Adhesion may l>e defined as the physical force 
in virtue of wdiich one body remains attached to 
the surface of another when the tw^o bodhis are 
brought into contact. Cohmion w^e define to be the 
mutual attraction w^hich the particles of the same 
body exert uj)on one another. 

We see from these definitions that there is not 
any fundamental difference between the forces of 
adhesion and cohesion, and the process of welding 
forcibly illustrates the imperceptil^le manner in 
which the former may pass into the latter, for 
when the two masses of iron first came into con- 
tact tliey w^ould adhere to one another ; but when 
finally welded into one mass w’e should speak of its 
different parts as being kept together by th(j force 
of cohesion. 

The reader may try an experiment in illustration 
of this even more easily than by paying a \dsit to 
the nearest blacksmith’s shop. Take two lumps 
of wet clay and bring then* lightly into contact ; 
they will adhere, but on being pulled apart the 
two original pieces will separate as before; now 
press the two lumps forcibly together, and we shall 
find, on attempting to separate them, that the two 
lumps of clay have now become one mass, held 
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together by the cohesion of its particles, and 
though we may divide this mass again into two or 
more parts by overcoming the cohesive force, we 
shall not be able to distinguish the two original 
lumps. We all know that if we dip our finger 
into water it will become wet, that is, a film of 
the liquid will adhere to it; but if instead of 
water we try the same experiment with mercury, 
we shall find that our finger will not be wetted. 
The reason of this is that the cohesive force, 
which keeps the particles of water together, is 
weaker than the adhesive force between the finger 
and the water, while in the case of the mercury, 
the cohesive force is stronger than the adhesive. 

It is the adhesion of liquid films to the surfaces 
of solid bodies that causes what is known as 
capillary action.* This adhesive force of a liquid 
may overcome the cohesion of the solid, so that it 
dissolves in the liquid, forming a solution from 
which it can be again obtained in the solid form 
by evaporating the liquid. 

If a solid be dissolved in a liquid, and we find 
that we cannot recover it unchanged by evaporating 
the liquid, then we know that besides the adhesion 
between the liquid and the solid there has been 
another force at work, a force known as chemical 
affinity. 

The well-known fact that a clean needle will 
float upon the surface of still water is due to the 
adhesion of a film of air to the needle, which 
therefore floats upon a cushion of air. 

When wrought iron is submitted either to a pull 
or to a pressure, we have seen that it gives way 
gradually. Now with average wrought iron it is 
found that if the weight causing this pull or 
pressure does not exceed about twenty-three tons 
per square inch of section, then when the weight is 
removed the iron will return to its original state ; 
but if a greater weight be applied the iron will not 
resume its original sliape, but will be permanently 
deformed. This we express by saying that the 
limit of elasticity of wrought iron is about twenty- 
three tons to the square inch. 

In the process of removing the carbon from cast 
iron we have seen that the metal, which at the 
beginning of the operation is in a fluid state, 
gradually passes into the solid condition in a 
continuous manner, that is, without any abrupt 
change, so that we cannot fix upon any one 
moment during the operation and say that at that 
moment the iron ceases to be a fluid and becomes 
A solid. 

* “Science for All,” Vol. III., p. 63. 


If inst/cad of liquid iron we were to take some 
water, we should not be able to discern any such 
intermediate condition between the liquid water 
and the solid ice. 

A substance which, like the iron, during a great 
part of the puddling process is not a solid and yet 
is not completely liquid, is termed a viscons fluid. 

We may obtain a viscous fluid of any desired 
degree of viscosity by mixing bees- wax and oil in 
different proportions. In order that we may have 
a definite conception of what is meant by viscosity, 
we must first have an accurate definition of what 
is meant by a fluid. We may define a fluid as a 
substance which can support a stress or force only 
when uniform in all directions, except when the 
different pai’ts of the fluid are moving unequally. 
Now, if we fix our attention upon any small 
portion, we see that it must be changing its shape, 
as otherwise there could not be any inequality in 
the motions of different parts of the fluid. 

The capacity which a fluid has of bearing an 
inequality of stress while such changes are going 
on, is called i^iscosity. Accurately speaking, all 
fluids are more or less viscous, but unless a fluid 
be capable of supporting um^qual stress for a 
perceptible time it is not called a viscous fluid. 

This will be most easily explained l)y means of an 
illustration. Let us take a hard block of asphalt e, 
which at first sight we should certainly call a solid, 
for it is quite hard, and so brittle as to fly into pieces 
on being struck with a hammer. If, however, wt; 
place the block in a large shallow trough and leave 
it long enough, we shall find that the slight 
' inequality of stress due to the weight of the upper 
portions ])ressing upon the lower will cause it to 
flow in all directions, until it has covered the 
bottom of the trough to a uniform d(?pth, and 
thus we see that asjhalte is not a solid, but a viscous 
fluid. Next, let us repeat the experiment with some 
treacle by suddenly inverting a large vessel filled 
with that substance over the middle of the trough. 
We shall find that after a shoi’t time, but not 
immediately, the treacle will attain a level surface. 

Finally, let us replace the treacle by a jar of 
water. We shall then find that, not taking account 
of the waves produced, the water will attain a 
level surface instantaneously, as far as we can 
judge. 

The conclusions which we should draw from these 
experiments would be that asphalte is not a solid, 
as it would appear at fii’st sight, but an extremely 
viscous fluid ; that treacle is a viscous fluid, but 
that its viscosity is very much less than that of 
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asphalte; and finally that water is a non-viscous 
fluid. 

Bar iron, properly hammered and rolled, is of a 
grey colour, and has a fibrous texture, but when 
the amount of carbon attains a proportion of about 
five parts in a thousand, its structure becomes 
granular or crystalline, and at the same time it 
acquires a dead-silvery lustre. 

The hardness of iron increases with the amount 
of carbon, until when the proportion reaches about 
six parts in a thousand it becomes steel. Like 
wrought iron, steel was in early times made 
directly from the ore, and after\rards, and down 
to the present time, by adding the requisite amount 
of carbon to wrought iron by means of a process 
known as cemnifation. 

Within the last twenty-five yeai*s several 
metliods have been devised of making steel 
directly from cast iron, but the best kind of steel, 
especially that used for fine cutleiy, is still pi’epared 
by cementation. In the manufacture of steel by 
the cementat ion process, a number of wrought iron 
bat's are packed in powdered charcoal in fire-brick 
boxes, and kept at a full red heat for about from 
seven to Un\ days, according to the purpose for 
which the steel is required. In 1856* Mr. — now 
Sir Henry — Bessemer communicated to the 
British Association a method which he had 
discovered for manufacturing st(*(d directly from 
cast iron. The Bessemer process consists in 
blovfing a powerful blast of air through the liquid 
cast iron. Intense heat is evolved by the oxidation 
of the silicon, cai’l)on, and manganese contained in 
the iron, and this lieat is found to be sufficient to 
keep the metal in a liquid state during the process. 

The first experiments w^ere not very successful, 
as it was found impossible to remove the sulphur 
and phosphorus contained in the ordinary impure 
cast iron, and the first success was obtained with 
Swedish iron, obtained from the ore by means of 
a furnace fed with charcoal, and free from these 
deleterious impurities. It was afterwards found 
that the iron obtained from some of the English 
ores could also b(^ used, and enormous quantities of 
steel are now made in England by this pi'ocess. 

Another difficulty was that it was found to be 
impracticable to stop the opemtion at the exact 
moment at which the proper stage of decarburisa- 
tion was leached, so that a mass of pasty wrought 
iron was obtained instead of liquid steel. This 

♦ In Caftsell’s “Great Industries of Great Britain,’’ the in- 
dustrial relations of iron are discussed so fully that I have only 
touched on these, so far as they illustrate physical questions. 


difficulty was obviated by Mr. Mushet, a Scottish 
ironmaster, who suggested that the process should 
be carried to the point of complete decarburisa- 
tion, and that a sufficient quantity of “ spiegel- 
eisen” (a name adopted from the German for a 
white cast iron containing manganese and a large 
quantity of carbon) should then be added -to- 
convert the wrought iron so obtained into steel. 

The operation is carried out in an egg-shaped 
vessel called a converter, made of wrought iron 
plates, and lined with a paste made by grinding up 
a very infusible siliceous rock known as gannister. 

During the first part of the ‘‘blow,” as it is 
called, the uncombined carbon of the cast iron 
enters into combination with the iron, and at the 
same time a siliceous slag, partly derived from tho 
gannister, is formed. A yellow flame, edged with 
blue, now appears at the mouth of the converter^ 
and the mass looks as if it were boiling, owing to 
the escape of the carbonic acid formed by the 
oxidation of the carbon. During this period the 
flames become more luminous and Ixigin to flicker, 
while particles of slag and liquid iron are ejected 
from the converter together with showers of sparks, 
due to the combustion of some of the iron. In a. 
few minutes the escape of gas diminishes, the 
shower of spai-ks ceases, and thcui the flame sud- 
denly disappears. The blast is now stopped, and the 
fluid spiegel-eisen introduct^l, after which the blast 
is turned on again for a few seconds, and finally 
the steel is poured out into a ladle, and then into 
a series of moulds. 

It is extremely important to stop the blast at 
exactly the right moment, as if stopped a few 
seconds too late or too soon the steel obtained is in- 
ferior in quality. Sir Henry Roscoe first suggested 
in 1863 that the spectroscope should be employed 
to determine the exact moment. It is found that 
this can be most easily determined by the 
disappearance from the spectrum of the flame f 
of some absori)tion-bands due to the presence 
of manganese, which disappears from the molten 
metal simultaneously with carbon. In 1878 
Messrs. Thomas and Gilchrist showed that phos- 
phorus may be eliminated in the B(jssemer process 
by lining the converter with lime instead of 
with gannister, or even by simply adding lime 
to the contents of the converter. By the utilisa- 
tion of this discovery, the Bessemer process has 
been successfully apj)lied both in England and 
Germany to the manufacture of wrought iron and 
steel from very inferior qualities of cast iron. 

. t “ Science for .All,’* Vol. II., p. 126. 



A SEED. 


97 


The most remarkable property of steel is the 
extreme hardness which it assumes when suddenly 
cooled from a high temperature, which may be most 
conveniently effected by plunging it into water. 

This treatment, besides hardening the steel, 
renders it extremely brittle and elastic. Tliese 
effects may be partially removed by heating this 
icebrook steel ” to a moderate temperature, and 
allowing it to cool gradually, a process known as 
tempering. The higher the temperature employed 
for tempering, the softer is the steel rendered. 


The workman judges as to the required tem- 
perature by observing the colours assumed by the 
surface of the metal during the process. These 
hues are the colours of thin plates,* due to the 
various thicknesses of oxide formed upon the surface. 
The hai’dest temper, used for razors and surgical 
instruments, requires a temperature of about 446'' 
Fahr., and the tint is a light straw-colour. The 
lowest temper, wliich is employed for large saws 
and for chisels, demands a temperature of about 
572*^ Fahr., and the colour is a dark-blue. 


A SEED. 

By Dll. Bobeut Brown, F.L.S., etc. 


W E have seen that the fruit is simj)ly the 
ripened ovary or seed-vessel, and that its 
main purpose in the economy of the plant is to 
protect tlie seeds within its cavity, these seeds 
being again merely the ovules in a more mature 
stage. In brief, the perfection of the seed is the aim 
and sole end of plant existence, for inside the seed 
is the young plant which is destined to multiply 
and continue the progeny, the propagation of the 
species being the ultimate purpose of vcigetative 
life. In due time, the seeds being ripe, they must 
escape into the soil. To secure this all-important 
end, various means are adopted. In some fruits, 
like the pear, peach, and orange, and in the 
various grasses, including all cereal grains, the fruit 
does not open, but falls, and duly rots, and thus 
permits the seed to find its way into the soil, and to 
sprout when once it is there. 
In others, the fruit does not 
fall until long after the seeds 
have escaped. Here another 
series of contrivances comes 
into play. Either — as, for 

example, in the Indian cress 
— the fruit brciaks into pieces, 
each piece containing a seed, 
or it opens by a sjiecial 
arrangement to admit of the 
wiuoh is raised to admit ripe seeds falling to the 
SeeiJs. ground. Not to occupy space 

with a description of the 
endless modifications which are found in different 
species and orders, we may call attention to a few 
of these simply as samples of the whole. In the 
P^PPy> I'he seeds are liberated through holes or 
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pores, which open near the upper end of the fmit 
when it is ripe. In the iris and tulip the seed- 
vessel opens, as it were, by valves, and in the 
rib-grass, pimpernel, hibiscus, henbane (Fig. 1), 
the summit of the fruit lifts up, owing to its 
constriction, in the form of a cap. Other plants 
scatter their seeds at the moment of liberation, as 
in the crane’s-bills (Fig. 2) and the squirting 
cucumber, which is so 
called from the habit of 
the fimit expelling its 
seeds with considerable 
vigour through one of the 
fruits or gourds. In the 
sandbox tree of the Isth- 
mus of Panama (Fig. 3), 
the carpels or divisions of 
the fruit separate when 
it is ripe, and open, each 
into two valves, with such 
force and noise that it has 
been likened to an ex- 
plosion. Accordingly, in Fig. 2 .— Fruit of a Geranium 
^ n *1 I. (Herb Robert), showing the 

collections, the fruits or method in whioh, hy the 

. 1 . 1 . • j i elasticity of the Fruit valves, 

this plant, in order to the Seeds are scattered, 

prevent them from flying 

in pieces, are generally firmly tied round with 
string, or even with strong wire. 

But though these modes of freeing the seed from 
the vessel in which it has been confined may 
enable it to reach the medium in whicli it 
must sprout, and the young plant eventually to 
root, yet at most they will not send the seeds more 
than a few feet from the place where the mother 
* “ Science for AU,*' Vol. III., p. 64. 





98 


SCIENCE FOK ALL. 


plants grew. It therefore follows that all these 
elaborate arrangements for the plant’s preser- 
vation will be in vain if the seeds of even 
one season were all to find resting-places in the 
immediate vicinity of the plant which produced 
them. Eitlier they would not find soil enough to 



Fig. 3.~Fruit of Sandbox Tree (ffwra crepitans). 


support their life, or tlie majority of the plants 
would be clicked by the more vigorous ones, and 
then succumb in the struggle for existence. Hence, 
some means must be takcui to remove a portion at 
least of the seeds t^) a distance, in order that they 
may become colonists in a soil where they will have 
better means of bringing forth the young plants, of 
wliich th(‘y are the initiatory stages. And here we 
must again remind tlui reader tliat no plant, no 
matter how few or how many its seeds, ever brings 
them all to perfection, and that still less does f*very 
seed produce a plant. In the manner already 
indicat(‘d, a gi’eat number ]»erish prematurely, 
otherwise tlie earth would s[>eedily get covered with 
some prolific species of plants. We liave also seen^ 
how rivc.Ts, the winds, the s(*a, and other agencies 
waft seeds to soils, congenial or uncongenial, far off 
from the jiarent ]>lant, and liow wild animals, and 
even man himself, aid in tlie same necessary 
means for thcj preservation and pros]»eiity of the 
species. 

On many seeds there are appendages in the 
shaj'e of hooks, wings, <fcc., which would apjiear 
superfluous were it not that they seem intended for 
the greater salvation of the plant by enabling it 
to disperse its seeds far abroad. A very common 
European species of burdock, JCantMuin sphiosuiti, 
has rapidly spread over South Africa and Aus- 
tralia by its seeds being carried in the fleeces 
of sheep. Many similar instances of plants with 
rough or hooked se(‘ds being disj>erKed in an 

* “How Plants were Distributed over the Earth : “ Science 

for AU,” VoL V., pp. 1-8. 
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allied manner might be quoted. In the order of 
plants to which the dandelion and thistle belong, 
the seeds, or fruits, rather, are provided wdth a 
“ pappus,” or downy aigrette, which aids in w^afting 
them to a distance, though it ought to be noted 
that this wing is not quite so valuable as it is some- 
times represented to be, since it generally falls off 
at an early stage of the fruit's existence. In the 
same way the wing on the seeds of pine, firs, and 
their allies (Fig. 4), will assist them in their aerial 
travels in search of a new home, 
and thus aid in the formation of 
those vast forests of Conifera? which 
cover so much of the Noitherii 
Hemisj)here. We also find winged 
fruits in the common dock and 
parsnip, while in the mullein it is the 
pod that is winged, and in E^vtada^ 
a gigantic bean of tlie West Indies, 
sometimes carried to our shores, 
and even to those of Iceland and 
Sj)itzberg(in in the Gulf Stream, the 
\)od breaks into segments, each of 
which is winged, while in the lime 
the bract may possibly perform tlie samti j)urpose 
for the fruit. In the sharj>-poiiited corn salad ( Vale- 
riaiiella auricula) the fruit is divided into three 
compartments, only one of wdiicli contains a seed. 
But as the other two cells are larger than the one 
holding the single seed, it has been suggested, and 
not unreasonably, that they enable the fruit to be 
wafted to a distance more easily than if the plant 
had produced more seeds, and in this manner pro- 
vided for its preservation. 

A species of grass (Spinifex sqmirrosus) found 
in Australia rolls itself into a ball, and is driven 
by the wind for miles over the i)arched sands until 
it comes to a damp place, when it expands and 
soon strikes root, while much the same arrange- 
ment for the difiusion of its species is seen in the 
“rose of Jericho” {Aiiastatica hierochuntica), a 
small annual which grows in sandy places in Egyj)t, 
Syria, and Arabia, and whose curious capacity for 
imbibing water and swelling up, has long been a 
familiar show in pseudo-scientific circles. But these 
modes of scattering the progeny of plants abroad 
Im ve only a remote connection with the fruit or the 
seed. The fruits furnished with hooked coverings 
are most closely identified with the subject in 
hand. The burdock, the agrimony, the bur 
parsley, the enchanter's night-shade, the goose 
grass (cleavers, or Robin-inin-th e-hedge), and some 
of the' forget-me-nots, are among tlds class. The 
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hooks on the skin of these fruits are so placed as 
to catch in the hides of animals passing through 
thickets, thus enabling the fruit with the 
seeds inside it to be carried to a great distance 
from the plant on which it matured. In Mar- 
ty nia^ a native of Louisiana, and H irpagophyton^ 
a South African genus, the hooks are of so 
formidable a size that if once they become fixed 
into the skins of animals, it is difficult to extract 
them. It is said that if a lion gets unconsciously 
entangled in the fruit claws of the last-named plant 
the animal suffers great pain, and will roll about in 
the sand, trying in vain to get clear of them. Some- 
times the hooked fruits get into the mouth of the 
king of beasts, causing serious inflammation, and in 
the end not unfrequently his death. In other 
plants, the fruits are sticky, and thus by clinging 
to the coats of animals, are eventually scattered 
broadcast, though naturally this can only happen 
in cases where animals are numerous in the 
districts where they grow. In the South 
American My:.odendron^ the seed is furnished with 
two long flexible appendages. These catch the 
wind, and thus carry the seed from one tree to 
another. As soon as it touches the bough, the 
anus twist round the stem, and thus anchor the seed 
in the situation where, like the mistletoe, it is 
intended to root and become parasitic. In the under- 
ground clover {Tri folium suhterraneum)^ as well as 
in a Brazilian species of bitter-cress {CardaminG)yi\\e 
ordinary ground-nut, and other plants in which the 
fruit ripens under the surfiice, there are ingenious 
arrangemcuits for pushing it into the soil ; and in 
the South American grass (Stipa ])€U7iata), the 
posterior end of the seed is prolonged into a fine 
corkscrew-like rod, which is followed by a plain 
cylindrical portion, attached at an angle to the 
coi’kscrew, and ending in a long and beautiful 
feather, the whole appendage being more than a 
foot in length. 

The feather, no doubt, facilitates the dispersion 
of the seed by the wind. Eventually, however, 
it sinks to the ground, which it tends to reach — 
the seed being the heaviest portion — point down- 
ward. In this position the seed remains so 
long as it is dry, but if a shower comes on, or if 
dew falls, the spiral unwinds ; and if, as is most 
probable, the surrounding herbage or any other 
obstacle prevents the feather from rising, the seed 
itself is forced down, and so dn*ven by degrees into 
the ground. Sir J ohn Lubbock, whose interesting 
account of the contrivances seen in this and other 
seeds for the purposes of distributing and placing 


them in the soil we have quoted,* is of opinion 
that the form assumed by certain seeds and fruits 
may also assist in the preservation of the species. 
‘^The pods of lotus, for instance, quaintly re- 
semble a bird’s foot, even to the toes : whence the 
specific name of one species, Oruithoj)odoide8 ; 
those of Hipjjocrepis remind one of a horse-shoe ; 
those of Trapa hicornis have an absurd resemblance 
to the skeleton of a bulls head. These likenesses 
appear to be accidental, but there are some which 
probably are of use to the plant. For instance, 
there are two species of Scorpiurusy the pods of 
which lie on the ground, and so curiously resemble 
the one {S. auhvillosm), a centipede, and the other 
{S. vermiculata), a worm or caterpillar, that it is 
almost impossible not to siq)pose that the likeness 
must be of some use to the plant. The pod of 
Biserrula Peleciuus also has a striking resemblance 
to a flattened centipede, while the seeds of Abrua 
precatorxuB^ both in size and in their very striking 
colour, mimic a small beetle, Artemis circumusta.** 
Some lupins have seeds much like spidcirs, and those 
of Dimorjjliochlamys, a gourd-like plant, mimic a 
piece of dry twig. The seeds of Jatropha are 
indeed so remarkably like beetles, that it is 
difficult to divest one of the impression that the 
resemblance is simjdy accidental. We see clearly 
the two elytra or wing-covers with the dividing- 
line b(‘tween them, the abdomen peeping out 
between them, and the head and thorax repre- 
sented by a small lobe, which nevertheless exercises 
no appreciable effect d uring germ ina tion. N o w what 
advantage could such mimicry be to the plant] 
We have seen (Vol. II., p. 284) that some insects 
mimic the forms of others, in order the better to 
escape their enemies. In the case of seeds, if the 
theory of Lubbock is correct, the mimicry of 
various animate objects serves quite the contrary 
puq>ose; in other words, its object is to tempt 
birds to swallow them. This, we know, is often 
done by insect-eating birds, with the result that the 
seeds are dropped not only indigested, but actually 
in a condition better fitted for germination than 
before they passed through the alimentary cavity 
of the bird. On the other hand, it might be a pro- 
tection to the plant to have its insect-like seeds left 
unswallowed by a graminivorous bird. It is also 
not impossible that much of the beautifully ornate 
sculpture . and colouring we see on the seeds of 
many plants (Figs. 5, 6, 7) may serve some purpose 
in their economy, though as yet we know too little 
of the questions involved in this subject to even 
♦ “Fortnightly Review, ’’April, 1881, pp. 428 -456. 
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Fig. 6. Seed of 
^oppy, show- 
ing Markings 
on the Coat. 


liazard an opinion as to the use of these seeming 
superfluities, though such have been the rapid strides 
in the dii’ection to which we are pointing, that 
possibly, more quickly even than we expect, some 
curious light may be shed on this 
subject, at present so obscure. 

What, in a few words, is the 
structure of an organ to the pixwluc- 
tion, maturation, preservation, and 
distribution, of which so many 
^^Chickw^ elaborate armngements are devoted? 

The seed wo already know to be a 
fertilised ripened ovule, and though its general 
appearance and structure are, in some respects, 
the same as those of the ovule, yet, owing to its 
higlier development and the changes produced in 
the progress of maturation, the adult 
ovule diflers very considerably from 
the same organ which we knew at 
an earlier stage of the plant life, 
just as the fruit differed consider- 
ably from the ovary of which it is 
now the mature stage. Like the 
ovule, the seed is either stalked or 
Btalkless, though in the latter case it detaches itself 
on arriving at maturity, from the little cord or 
funiculus, through which it is nourished in the 
early stages of its growth, the place of attachment 
being marked by a little scar to which, 
according to its position and shape, 
various very needless names have been 
aj)plied. The seed is covered with two 
coats — an outer and inner one — the 
latter being the thinner of the two. To 
the foiTner aixi often attached various 
appendages in the form of hairs, or other 
growths. For instance, the fibre we 
know as cotton, is the hair of the seeds of the 
cotton plant (Vol. I., p. 295), while in various 
species of Epilobium and Asclepias, the seeds are, 
as already indicated, furnished with a tuft or 
aigrette, which gives them a marked character. 
Sometimes, as in the seed coat of the Cainellia^ 
there is a dense coating of spiral vessels, from the 
arrangement of which M. le Monnier concludes 
that the seed coat is the representation of a 
complete leaflet. In other seeds, for example, in 
those of the passion-flower, there is a growth 
of a fleshy texture exterior to the coat ; while in 
another form this growth constitutes, in the seed 
of the nutmeg, the orange-red, scented network so 
familiarly known as the spice called ‘‘ mace.*^ 

On cutting a seed open from above downward, 
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and examining it with the microscope, or even 
with a magnifying-glass, or, in many cases, simply 
with the naked eye, we see that it is made 
up of the coats or integument mentioned, and 
that the kernel is the portion which 
the integument surrounds (Figs. 8, 

9, 10). This kernel is usually com- 
posed of two parts, the embryo or 
young plant ; and, surrounding the 
embryo, the endosperm, or starchy 
nutriment, on which it has to live 
during the progress of growth. 

Sometimes the latter substance is 
absent ; but, as the embryo is des- 
tined to develop into a new indi- 
vidual, it must invariably be i^resent in every 
fertilised seed. The origin of the embryo has been 
already sketched.* In some instances, the cellular 
tissue which forms the bulk of the kernel in the 
ovule is absorbed by the embryo in 
developing. In this case there is 
no endosperm — or albumen, as it is 
sometimes called — present in the 
adult seed, the embryo fonning the 
sole constituent of the kernel. But 
in the majority of seeds it remains 
and increases, and taking a fleshy 
or horny consistence, forms round 
the embryo the cellular substance 
which is so familiar a constituent of 
(say) a grain of wheat. This en- 
do8j:)erm is a cellular tissue without 
vessels, generally white in colour, and insipid to 
the taste. In wheat and other cereals it is fari- 
naceous or mealy; that is, the cells of the tissue 
are filled up with starch grains, 
accompanied by gluten ; in the 
seeds of — among many others — 
cocoa, poppies, and the castor-oil 
plant, it is oily; in the coca-nut 
it is fleshy, in the coffee-bean, 
date palm, and the plant in which 
it constitutes the “ vegetable 
ivory ” of commerce {Phytelej^has 
macrocarpa), it is homy ; while 
in the morning-glory and mallows 
it consists chiefly of mucilage, or 
vegetable jelly. 

The embryo is the fleshy body 
in the seed which develops into the future plant. In 
reality, it is a perfect plant in miniature with lateral 
organs representing the first pair of leaves, or coty- 
* “ Flowering ; ’’ “ Science for All,” VoL IIL, p. 41 . 
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ledons, and an axis or stem, on the upper end of 
which is the tiny bud, which is destined to continue 
the upward growth of the plant; and at the inferior 
end, the radicle, in time to form the root through 
which the independent plant is nourished.* The 
embryo, however, differs in two great divisions 
of plants. Take a bean (Fig. 11) or an almond for 
example. After being soaked until it is soft, it 
is easy to strip off the integument of the seed ; we 
then see that it is capable of being split into two 
divisions, between v/hich is a little body. This 



Fijr. 11.— The Bean: a, Embryo with Seed-coat removed; b. 
Embryo minuB one of the Cotyledons, r, Radicle ; c, Cotyledon : 
u, Point of Soimration of Cotyledon ; j>, Plumule. 


tiny body is the embryo, or, at least, the stem and 
radicle of it, while the two lobes on either side are 
the cotyledons or leaves of the embryo swollen out 
to gigantic proportions by containing within them 
endospenn for the nutrition of the young plant, 
instead of this substance being around it, as we 
have seen is more commonly the case. But the 
great distinction in this class of seeds is that there 
are two cotyledons, or seed-leaves, in the embryo, 
and in the fact that there are two young leaves 
protruded above th(^ soil when the; young plant 
leaves the seed, and starts into an independent 
existence for itself. This fact is important, for it 
is one of the characteristics of that great group of 
plants distinguished by having their wood, when 
they have any, arranged in concentric circles, and 
the venation of their leaves netted. In brief, they 
are the division of Dicotyledons, In grasses, 
among other plants, the embryo has only one seed- 
leaf or cotyledon, and protrudes above the gi’ound, 
at its first start out in life, only a single blade. 
Their leaf venation is also j)arallel, and their wood, 

* Tbe nature of the endosperm, the position of the embryo 
in the seed, and a host of allied topics have given rise to 
y. vast amount of technicalities, which have been studiously 
^voided in this brief sketch. The whole of these questions are 
uiscuBsed in iny “ Manual of Botany,” pp. 495-^543. 


as in the palms, is not arranged concentrically.f 
Hence, they are called Monocotyledons, 

A seed attains its maximum size at an early 
stage of its growth. After this the kernel solidifies, 
without any further increase in size. Indeed, 
owing to the contraction of the exterior, the seed 
actually gets smaller as it gets riper. It also 
changes its colour in the progress of growth. At 
first it is like the rest of the plant, green, but as it 
ripens, the exterior gets paler, whitish, white, 
yellowish-brown, or black, owing to changes in the 
contents of the cells of the coat. Some seeds are 
diversified, and often brilliantly variegated with 
colour. Of this we have a familiar example in 
the different vaideties of kidney beans. 

Bipe seed is usually denser than unripe seed, to 
the extent that it will sink in water ; hence the 
common test for it. The smaller density of unri])e 
seed is owing to the imperfect, or entire want of, 
development of the embryo. Accordingly, it floats. 
This test is not, however, infallible, for some 
perfectly ripe and sound seeds will float likewise. 

It is always of importance for the cultivator 
to know what value is to be attached to seeds, 
since they are so commonly adulterated with 
old ones which are utterly worthless. If, for 
example, he finds that only two-thirds of his 
seed will germinate, then he must sow a corre- 
sponding quantity over a given extent of ground. 
To test the germinating power, the following 
procedure, recommended by the eminent French 
agriculturist, Matthieu de Dombasle, may be useful, 
“ Cover the bottom of a saucer or plate with two 
pieces of rather thick cloth which have been 
wetted, and place the one over the other. Spread 
on this a cei-tain number of seed, taken at random 
from the package to be tested, each seed being 
separated by a small space fi'om its neighbour. 
Then cover them with a third piece of cloth like 
the first two, and wet it Now place the plate in 
some moderately warm place, such as on a 
chimney-piece, or in the vicinity of a stove. As 
the cloths begin to dry, wet them again, but allow 
no surplus water to accumulate about the seeds ; 
and accordingly, after the cloths have absorbed all 
they can, pour off the surplus by raising gently 
the plate from the horizontal. The progress of 
germination can be watched day by day, by simply 
raising up the topmost piece of cloth. Those seeds 
which have lost the power of genninating will 
generally in a short time get covered with moulds.” 

In order that the young j)]ant may burst the 
t “How FlautsGrow “Science for All,” Vol. I., p. 1^2. 
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envelope of the seed, and take the first steps to 
become the future plant — in short, that it may 
germinate — cei’tain conditions are necessary. In 
the first place it must be deposited in tlie soil or 
other element in wliich it is intended that the plant 
should grow and extract its nutriment from. A 
certain degree of moisture, temperature, and 
oxygen is necessary to the successful accomplish- 
memt of this important process in the life of the 
plant, though, contrary to the usual belief, dark- 
ness is not essential to the germination of most 
plants. The time required for a plant germinating 
varies from a few hours to two years. The seed 
of tin? mangrove sprouts even before the fruit has 
fallen off the branches into the soft ooze beneath. 
The seeds of tlie willow will genninate a few 
hours after being sowm ; those of the walnut or pine 
in four or six weeks ; while those of the rose, haw- 
thorn, ash, dogwood, maple, and other trees, are said 
not to geiminate until from one-and-a-half to two 
years after Ix^ing put into the ground. The depth 
at which seeds should l3e sown varies according to 
the nature of the soil, the supply of air or warmth, 
the kind of weather, the degree of moisture, &c., 
all of w’hich are so variable that it would be rash 
to lay down any rule of practice wdiich should not 
be received with the latitude to which the circum- 
stances mentioned entitle it. 

The seed has germinated ; it has absorbed 
water and bui’st its cerements; the embryo is 
stimulated into life and vigour : now how is it to be 
nourished and its gi*owth kept up until it can 
extract its nutriment from the soil ? At first the 
young ])lant lives entirely at the expense of the 
seed, feeding on the nutriment stored up in the 
endos[>erm, or if this is wanting, by the similar 
materials contained in its own cotyledons. This 
substance, starch, is not, however, soluble in water, 
and thus the nutrient material must be in a state 
oF solution before it is fitted to nourish the 
embryo : hence starch must he transformed into 
some substance which is soluble in water. The 
process involvt^d in the nutrition of the young 
plant, therefore, falls under three heads: (1) The 
solution of the nutritive materials of the cotyle- 
don or of the endosperm ; (2) their transfer to the 
emVjryo plant ; (3) their assimilation or conversion 
into the substance out of which the jdant is built 
«P- 

Without going into details, it may be stated in 
general terms that the main processes in the 
elaborate vital laboratory of the seed are, first, the 
absorption of oxygen, the result of which is 


the disengagement of carbon dioxide (carbonic 
acid gas), which causes that diminution in the 
weight of the seed well known to take place 
during germination. Next, starch is converted 
into dextrine, and that again into sugar. Thirdly, 
sugar is consumed and disappears, being converted 
into carbon dioxide. Last of all, the combination 
is accompanied by the disengagement of heat, a 
phenomenon well known to any one who has ex- 
amined a heap of malt in the process of geimina* 
tion, for the mass of sprouting grain has to be 
continually turned over, in c-ase the malt should 
be damaged by too much heat. The seco^^^ 
stage in the nutrition of the young plant is the 
ti*ansfer of the nutrim(uit to it. This is accom- 
plished by the water which it absorbs entering 
the cells, dissolving out the dextrine and sugar 
there storcid, and carrying them to the embryo. 
The place where it enters the embryo is at the point 
where the cotyledons join the stemlet (Fig. 11); and 
hence the nutritive materials are distributed at first 
chiefly downward into the extending rootlets, and 
after a little, downward and upwai'd toward the 
extremities of the seedling. The third stage is 
the assimilation of the nutriment by the seedling. 
Here we have a process exactly the reverse of the 
first stage of nutrition, for instead of the nutritive 
matter being converted into soluble materials, they 
are transformed by the plant into insoluble sub- 
stances such as the cellulose, of which its structure 
is built up. As to how this is accomplished we can 
at best only make a scientific guess. We see it done, 
but we cannot satisfactorily explain the intricately 
elaborate process. Possibly — and this speculation 
of Mr. Johnson is as reasonable as any other 
— the dextrine may be converted into cellulose, 
and the soluble album enoids return to the insoluble 
condition in which they existed in the ripe 
seed. 

These processes, however, at longest only last 
until the seed, having burst its cerements, the 
embryo, strengthened by the nutriment absorbed, 
begins an independent life for itself. The radicle or 
rootlet, as might be expected — is the first portion 
of the young plant which seeks the soil. It curves 
round, and finally, though cautiously, penetrates 
the element in which it is to root the plant, it may 
be for a thousand, or even, if we ai'e to credit the 
estimated ages of the great Californian si^quoias 
{Wellingtonia)^ several thousand years. Then the 
plumule raises itself into the light of day, and the 
ordinary growth of the plant goes on. But as 
Mr. Darwin has shown in an interesting work 
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abounding with curious observations on vegetable 
life,* the young root moves in slowly-described 
circuits, or ‘‘circurnnutates,^* thus aiding insensibly 
in fixing the young plant in the soil. 

And here the reader may ask. How long will 
seeds preserve their vitality 1 So many fables have 
been, and are still being, promulgated on this 
subject that a few; facts may not be unacceptable. 
The seeds of the willow will not germinate after 
having been once dry, and their germinating power 
is lost in two weeks even if during that interval 
they have been kept fresh. The seeds of cofiee 
and various other plants do not germinate after 
having been kept for any considerable length of 
time. The grains of wheat usually lose their power 
of growth after a lapse of seven years, though 
wheat over two centuries old has been found quite 
caj)able of being used for food. The stories of 
“ mummy wheat ” sprouting after having lain 
dormant in Egyptian tombs for thousands of 
years, are, to say the least of them, very dubious. 
No well-authenticated instance of such finds are 
extant, while among other articles sold by the 
Arabs to credulous travellers, as coming out of the 
same tomb as the ancient wheat, have been dahlia 
bulbs and maize, the deposition of which in the 
receptacle from wdiieh they were said to be 
extracted, necessitates the belief that 3,000 years 
ago the subjects of the Pharaohs were engaged in 
commerce with America. f Ilye and >vheat only 
185 years old could not be induced to germinate, 
the place of the embryo being occupied by a 
slimy putrefying fluid. If, however, excluded 
from light and air, and, above all, from damp, 
seeds have been known to keep for somewhat 
lengthened periods. Seeds of the bean and pea 
order have sprouted after 100 years’ storage in an 
herbarium, and many similar instances have been 
recorded. But few of them arc^ beyond suspicion, 
there being invariably a doubt, either regarding 
the age of the seed, or about the fact of its having 
sprouted at all, when the date of its birth was 
well authenticated. For instance, the most pro- 
found suspicion attaches to the well-worn tale 
of the raspberry seeds found in a British tumulus 
in Devonshire, being contemporaneous with the 

* “The Movements of Plants” (1880), p. 09. 

t So many of the Central African tribes, who have no 
tmdition of intercourse with the whites, have been found 
cultivating maize that doubts may be expressed whether 
it is an exclusively American plant. But about the dahlia 
there can be no mistake : it is a native of Mexico, and 
<vas unknown to Europeans prior to the discovery of the New 
World. 


coins of the Emperor Hadrian resting beside 
them, or to the instances of seeds of bird’s-foot 
trefoil, and other plants found in Roman tombs 
of the second and tliird centuries, germinating. 
Tlie seeds were doubtless discovered as described ; 
but how long had they lain there 1 Secnls 
disinterred from the soil taken from under very 
ancient buildings and other situations have also 
sprouted, though the estimates of their age have 
been all the way from 500 to 2,000 years. 
They cannot, however, be considered beyond the 
range of scepticism. It is also a common matter 
of observation that no sooner is old ground 
trenched than plants a):>pear which had luivc^r been 
obseiwed in such spots previously, and that after 
fires i)ass over localities plants equally strange to the 
neighbourhood appear. For instance, it is noticed 
that when an Amc'iican forest is fired, the trees 
that take the place of the burnt oiu^s arc^ of a 
different species to those hitherto observed in that 
neighbourhood ; and after the Gr(*at Fire of 
London in 166G, the yellow rocket a])peared for 
the first time in much profusion in the districts 
swept by the flames. These facts — and they are 
not to be denied — have suggested the theory that 
seeds may lie for long periods dormant in the soil, 
and only spring into life when some stimulus, such 
as exposure to the sun, rain, or heat is rtpplied to 
them. Doubtless, seeds will preserve their vitality 
longer if kept from exti'emes of temperature than 
otherwises, and on this ground the tales told may 
not be without a certain substratum of truth, f 
The latest report of this description may be 
quoted as a specimen of many much less authen- 
ticated “ facts,” as well as for its own innate im))or- 
tance. It is to the effect that Professor von 1 leldreich, 
of Athens, discovered that an extensive tract of 
land, at the silver-mines of Laurium in Greece, 
is covered by a luxuriant crop of a horned poppy, 
belonging to a hitherto unknowm speci(\s, which he 
proposes to designate as the Glancinin SerpierL 
These plants have shot up through soil which has 
been covered to the depth of nearly ten feet with 
the masses of cinder and slag thrown out by the 
workmen in ancient times when tht> mines were 
worked by the Greeks, and which have recently 
been disturbed in order that the imperfectly fused 
materials might be subjected to a further process 

I In my “ Manual,” i)p. 522-5, a number of such data 
are recorded, and in Mr. R. W. “Wriglit’s “Life: its True 
Genesis,” pp. 89 — 122, the subject is also discussed from the 
incredulous point of view — albeit the author is not among the 
men of little faith in other walks of hypothesis. 
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of fusion for tlie purpose of extracting their silver 
contents. If there is no mistake about the facts, 
the persistent vitality of the seeds thi'ough the 
interval of 1,500 or 2,000 years which has elapsed 
since the mines were last worked is certainly a 
curious fact in physiological botany, and is all the 
more interesting because this species of Glmtcmm 
is not known to exist in any other habitat. 

One peculiarity of moderately old seeds is that 
they produce w eak plants, a peculiarity which is 
taken advantage of by hoi*ticulturists to produce 
the varieties knowm as “florists’ flow^ers.” For 
instance, one-year-old seeds of the ten-w^eek stock 
are said to yield single-flowered plants, wdiile 
those which have been kept four years produce, 
for the most part, double flowei*s, which, from 
a botaniciil point of view, are monstrosities, the 
result of feebleness in the constitution of the 
plant. Tw’' 0 -year-old turnip seeds produce larger 
bulbs and less leaf than fresher seed, and the 
ordinary garden balsam also produces more flow^ers 
and less leaves if the seeds are kept some time than 
if sowni the first year. Partially unripe seeds wull 
also germinate, though, as a rule, they take longer 
in sju'outing, and produce feebler plants than the 
fully matured seed. Light or dwarfed seeds R])rout 
quicker but yield weaker jdants, and in addition 
are not so sure of germination as heavy seeds, the 
number of roots and the strength of plants being in 
proportion to tlie amount of starch in the seeds 
from whence they have sprung. From observa- 
tions made by Prof. Church it w^•ls found that the 
value of seed- wheat bears a certain relation to 
its s}»ecific gravity, and that (1) the seed-wheat 
of the greatest density i)roduces tl)e diuisest seed ; 
(2) that the densest seed produces the gnjatest 
amount of dressed com ; (3) seed-wdieat of medium 
density generally gives the largest nunilxT of ears, 
but the ears are poorer than those of the densest 
seed ; wdiile, again (4), seed-wdicat of medium 
density generally produces the largest number of 
fruiting plants. Tliough I am not aware that 
the observations made by this eminent chemist 
have been repeated by any other observer, the 
care with wliich they were made precludes tlie 
likelihood of any eiTor, and renders them of peculiar 
value to agriculturists. It has been discovered by 


M. Pauchon that black or violet seeds absorb 
more oxygen than white or yellow ones, though 
a more rapid germination is observed in the latter. 
On the other hand, the quantity of carbonic acid 
exhaled by white seed is found to be considerably 
greater than that exhaled by dark ones. The more 
frequent and ])ronounced pigmentation of seeds of 
northern lands may, therefore, be a favourable 
circumstance for the growth of these organisms, 
the conversion of the nutrient substances being more 
rapid, under the peculiar light conditions to which 
they are subject. Chlorine, bromine, and iodine 
stimulate the germination of seeds, and electricity 
has a remarkable effect on them, not only hastening 
the sprouting of the seeds, but the ripening of the 
fruit. But, like cold and drought, steeping seeds 
in the poison of venomous serpents does not check 
germination altogether. A certain amount of heat 
is, of course, absolutely necessary for the germination 
of seeds. But even an extreme of heat — especially 
if damp — is not unfavourable, but rather the rewerse, 
to the early performance of the operation. Cereals 
immersed in sand and earth heated to 104^ Fahr. 
sprouted, and the cocoa-nut is said to germinate in 
soil heated by the sun’s rays to 8P‘ Fahr. If, 
however, wheat, rye, and maize are unable to 
endure a prolonged temperature above 104°, it 
proves clearly how it is that many plants cannot 
be multiplied by seeds in hot countries, where the 
temperature of the soil is often as high as 140° 
Fahr. On the other hand, the seeds of many plants 
wdll endure gi^eat extremes of cold. For instance, 
those of many Arctic plants must be subjected 
during six months in the year to intense frost, 
though, at the same time, we must not forget 
tliat during the period of greatest frigidity they 
are covered by a deep blanket of snow. Some 
wheat wdiich liad ])een left by the U.S. Polaris 
Expedition in the upper reaches of Smith’s 
Sound, was brought to England by Sir George 
Nares, and found to germinate freely, though 
during the interval it must have been exposed 
to a cold, on one occasion at least, over 105° 
below the freezing-point of w^ater For in the 
spring of 1876 the thermometers recorded a tem- 
perature of 73° 75 below zero, and in all likelihood, 
it is often even colder in these hyperborean latitudes. 
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HIGH CLOUDS AND MOONSHINE. 

Bv THE L.\TE Koheut James Mann, M.D., F.R.C.S., F.R.A.S., etc. 


T he general aspect of the sky, and its cloud- 
physiognomy, are perhaps, after all, the most 
generally undei’stood of the auxiliary characters 
that are drawn upon to give confirmation or point 
to the intimations of the barometer.* They are, 
indeed, unconsciously turned to good practical 
account by the most uninstructed and casual of 
observers. It has been long remarked that even 
the cloudless blue sky itself is not without a signi- 
ficance amidst the symbols of weather-prophecy. 
A bright and cheerful tint in the azure of the sky 
is a sign that fine weather is in the ascendant, 
whilst a dull and sombre blue prognosticates wind 
and an unsettled and capricious state of the atmos- 
phere. The clearness of the air, which is familiarly 
recognised as the harbinger of rain, is very often 
due to the air having been freed from opaque and 
light-intercepting impurities as soon as insensible 
vapour begins to be deposited as actual moisture. 
All such extraneous particles become heavy as they 
grow damp, and in consequence they settle rapidly 
down towards the ground. The bright rosy sky at 
sunset, as has been already explained, is a charac- 
teristic of fine weather. The dull Indian-red or 
pale yellow sky at sunset is, on the other hand, the 
harbinger of rain. The copper-coloui’ed, orange, or 
bright yellow tint are symbols of wind ; and the 
lurid green hue in the west after sunset means min 
as well as wind. The gi’ey sunset is genemlly due 
to the presence of cirro-stratus clouds in the west 
in sufficient abundance to impede the free passage 
of the direct rays of the sun. The clearing of the 
sky at sunset after min can by no means be 
accepted as a sure promise for the morrow, because 
in such circumstances the sky is very commonly 
found to be again covered with a heavy canopy of 
clouds on the following daybreak. The auspicious 
significance of the grey sky and the threatening 
augury of the red sky at dawn hai« already been 
alluded to. The rainbow in the morning is “ the 
shepherd’s warning,” simply because it is formed 
opposite to the sun, which is rising in the east, and 
therefore shows that there are clouds gathering 
and rain falling towards the west, the direction 
from which wet weather most frequently comes. 
The luinbow at night is “ the shepherd’s delight,” 

* “ Weather Signs and Weather Changes ** Science for 
All,” Vol. V., p. 84. 
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because it indicates that there are then clear air and 
unimpeded sunshine towards the west, and that 
the cloud-screen and rain are towards the east, and 
passing away. A high dawn — that is, the first 
break of daylight presenting itself high up in the 
sky, and above a. well-marked bank of clouds — is 
correctly looked upon as foreshadowing wind. A 
low dawn, in which the fimt streaks of daybreak 
appear almost in contact with the horizon, is a 
significant promise of fine weather, because it tells 
that the sky is free from clouds. The appearance 
of dew in the evening is associated with fine 
weather, because it implies both a cloudless sky 
and a still atmosphere. Dew is the immediate 
result of the free radiation of heat into the unveiled 
air-spaces above, and it never, under any circum- 
stances, begins with an overcast sky, or remains 
when there is brisk movement in the air. 

The Rev. Clement Ley, who has been associated 
with the work of the Meteorological Office iu 
London, directed attention to the importance of 
observing the movements of the upper clouds as 
indications of api)roaching change. The forms 
which he chiefly relies upon for this purpose are 
the mare’s-tail and curl-cloud cirrus, which belong 
properly to an altitude varying from 25,000 to 
40,000 feet above the sea level ; the cirro-stratus, 
or high sheet-cloud, which is formed by the inter- 
lacing fibres of augmenting cirrus, and which is die 
cloud essentially concerned with the production of 
halos ; and the small white flocculi, or ciiTo-cumuli 
cloudlets, which form also at a similar high eleva- 
tion. Mr. Ley remarks that these clouds may 
commonly be seen crossing the direction of the 
lower air-drift by an angle of something like 55®, 
and from the side which is on the observer’s left 
hand when he stands with his back to the lower 
wind. The course of these clouds almost always 
indicates the direction towards which the lower 
wind is about to veer, and they quite commonly 
present themselves as much as 100 miles in ad- 
vance of the denser cloud-aggregation that is on 
the way behind. The barometer is usually high 
when these outlying streamers first appear ; but it 
soon begins to fall, and the sky then becomes over- 
cast with a veil of precipitating vajKiur, which 
thenceforth conceals the movements of tlie higlier 
clouds, and gi’adually matures into rain. When 
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the thickening bank of cirro-stratus first presents has ali’eady been spoken of,* is, it will be observed, 
itself towards the south-east, and drifts from the just the reverse of this fine weather type, as in it 
south, this almost certainly implies that heavy the cumuli rise out of a stratified base. During 
rain is at hand. If, on the other hand, the first the prevalence of a high and steady bai'ometer 
streaks of the gathering cirro-stratus pi’esent them- with a norih-east wind in the summer season, when 
selves towards the we.st, either no rain at all or settled weather prevails, the sky is either cloudless, 
only slight jmssing showers will be experienced. or small stratified clouds form at night at an 
The cloud-bank of approaching rain, as a rule, elevation of a few hundred feet, and develop in the 
begins to form in the higher regions of the air, and day into isolated masses of heap-cloud. In the 
gradually extends itself downwards to a lower winter season, on the other hand, the period of 
level. When, on the other hand, loose streaks of settled weather with a high, steady barometer is 
cloud first appear against the blue sky in isolated not uncommonly associated with a thin stratus- 
spots, and at a comparatively low elevation, and cloud spread over the sky for several days and 
are then gradually piled up into cumulus heaps nights continuously, or with only an occasional 
above, with rounded protuberances that from time break. Whenever such openings do occur, it is at 
to time tumble back into the general mass, this once seen that this cloud is limited to a com})ara- 
may be regarded as a sign that, at the most, brief tively low elevation, so that clear sky only appears 
passing showera may occur. Mr, Ley esjiecially in the higher regions of the air. The observer 
insists ujx)!! the circumstance that vrhenever these, looks through a rent into cloudless space (Fig. 2). 
as it were, extemporised heap-clouds thus generated Mr. Ley connects the formation of this durable 
in the mid-spaces of the air connect themselves fine-weather cloud with the prevalence at the time 
below with a broad stratified base, that indicates of a general downward movement of the air 

tlirough a wide extent. In the summer this 
fine-weather deposit of vapour in a gently des- 
cending current of air is dissolved as rapidly as 
it is formed by the heat of the sun. But in 
winter, a thin level sheet of vapour is endur- 
ingly formed as soon as the desc(‘nding current 
gets into a region of the atiuosphere in which 
the air has been sensibly chilled by the efiect of 
radiation from the solid surface of the eartli. 
It is this condition of the atmospheric which is 
most liable to the production of fogs. The 
absence of horizontal movements in the air at 
such times favoui's their lingering and brooding 
over the place wheric they have l)een fonned. 
Tlie darkness of such fogs over largi^ towns is 
very probably connected with the fact that the 
smoke, which is carried away and dissipated by 
an ascending current or horizontal wind, is 
driven back into the low misty canopy by the 
descending movement. Fogs of this kind only 
occur when the barometer is steady and high. 

Fig. 1.— Mr. Clement Ley’s Pine- weather Cloud, consisting of and when the air temperature is at the Same 
Stratified Beds resting ui>ou the top of Piled-up Cumuli. timp low 



rain ; whilst, on the other hand, when the tops 
of these cumuli spread out and blend into stratified 
cloud-masses above, whilst their bases diminish and 
melt away, the weather will certainly continue to 
be fine and dry (Fig. 1). 

The peculiar form of cumulus which is associated 
with electric disturbance and thunder, and which 


Amongst the long prevalent notions that have 
been held concerning the changes of the weather, 
there are, perhaps, none that liave been more 
generally entertained and cherished than those 
which connect them with what are termed the 
changes, or, in other words, recurring phases of 
illumination of the moon. These notions, in all 
■ * “Science for All,” Vol. IIL, p. 39, Fig. 9. 
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probability, were in the first instance derived from 
the accidental coincidence of certain marked con- 
ditions of weather with particular aspects of the 
moon, and from the natural tendency which exists 
in the minds of supei-ficially instructed people to 
ascribe to the heavenly bodies a power over human 
events. A very few words of comment will, never- 



r- 
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Fig. 2. — The Shallow Settled-weather Sheet-cloud of Winter, with 
the Clear Sky seen above through a Bent. 

theless, suffice to exix)se the fcillacy of this illusion. 
The proposition, however, to which these remarks 
are addressed, is, it must be remarked, not simply 
and in a general sense that the moon affects the 
weather experienced upon the earth, but that the 
mere aspects of the moon’s vaiying illumination 
exert an especial influence upon the weather of 
each particular locality and spot. 

The utter irrationality and absurdity of this idea 
becomes apparent at a glance the instant it is con- 
nected with the obvious fact that the e^iiili is a 
rotating and not a fixed globe. Assuming, for the 
mere purpose of illustration, that it were true the 
new moon, the half moon, and the full moon pro- 
duced some especial state, whether of storm or of 
calm, whether of rain or of dryness, upon some 
given spot on the earth, as this passes round in 
front of the sun-illumined orb, it is manifest the 
same influence must continue to be exerted entirely 
round the earth during the subsequent twenty-five 
hours in which the terrestrial sphere whirls com- 
pletely round before the moon. There would of 


necessity be a vast circular girdle or zone of the 
moon-generated weather, whatever that might be, 
impressed upon the earth. But it will be bootless 
to say that no such moon-generated weather-girdles 
are found upon the earth’s sphere, in the terres- 
trial zone thus presented to the moon during each 
individual rotation of the earth there occur all 
conceivable diversities of physical state. Clouds 
and deluges of rain co-exist in one part with 
clear skies and genial sunshine, and bright star- 
light in other parts. The notion that one part 
in a zone of the whirling earth which comes in 
rapid succession under the moon can be dif- 
ferently affected from the rest of the zone is 
quite of the same order of intellectual apprehen- 
sion as that which is involved in the occasion- 
ally expressed fear that a severe winter in 
England may imply that the earth has entered 
some colder region of space during its cosmical 
progress amidst the stars — a wild fancy, that is 
instantly dispcdled when the simple question is 
asked, why the exceptional severity should not 
have been experienced over the whole earth, as 
w’ell as in England ] If the earth were thus 
transported into more frigid space, it would be 
colder everywhere, instead of colder at one ])art 
and warmer at another, as experience proves to 
be the case when there are severe winters any- 
where. If the phases of the moon affected the 
weather, it is obvious that the same weather 
would prevail wherever analogous relations to 
the moon obtained. 

The moon, as a matter of fact, does produce a 
physical influence upon the earth, but it is an in- 
fluence of an altogether different kind to the one 
which is implied by this popular piece of weather- 
delusion ; it is the influence which is so grandly 
expressed in the diurnal roll of the tides of the sea, 
and which is due to the inter-action of the lunar 
and terrestrial mass.’* But this, it must be re- 
membered, is an affair in which there is no room 
for the play of imagination or fancy. The lise 
and the recurrence of the tides are known before- 
hand, and even tabulated in the almanacks with the 
utmost exactness. Not only the time of high tide 
is marked for all the great port-establishments of 
the earth, but also the occasions when such rise of 
the tide will be exceptionally in excess or excep- 
tionally in defect But in this it is the moon which 
is operative in bringing about the result, and not the 
“ phases ” or appearance of the moon. The bulging 
water is drawn towards the moon, and follows it in 
* “ The Tides : ” “ Science for AU,’’ VoL I., i). 204. 





108 


SCIENCE FOR ALL. 


its circling course round the earth, without any 
regard to the phase which it may be presenting to 
the terrestrial observer’s eye, or to the extent of 
the illumination at the time by the sunshine. The 
highest tide occui’s shortly after the occurrence of 
new moon, not because the moon is dark or unil- 
luminated, but because, when the moon is thus 
unilluminated, it is between the earth and sun, 
so that the attractive influence of the sun is for 
the time superadded to that of the moon in pro- 
ducing the tidal swell. 

Now, there can be no question that the moon 
does produce a somewhat similar effect ujion the 
atmosphere to that which it exerts upon the 
sea. As it goes round the earth, and as the earth 
whirls upon its axis in front of the attendant orb, 
a tidal swell is called up in that j)art of the atmo- 
sphere which is most immediately opposite and 
nearest to the lunar mass ; and this tidal 'wave in 
the air undoubtedly is accompanied by some change 
of physical state which would involve alteration 
of pressure, and which would be to that extent 
indicated by the bai’ometer, and would tend to pro- 
duce movement in the air or wind, and such 
weather change as is attendant upon wind. But all 
this, it will be observed, has nothing whatever to 
do with the phases, or changes, of the moon. The 
effect, whatever it may be, is precisely the same 
whether the moon is new, or half illuminated, or 
full. It is determined and measured only by the 
revolution, distance, and mass of the moon, and by 
the dimensions and rotation of the earth. 

But as the lunar influence upon the tides of the 
sea — a physical effect which is as exactly ap- 
praisable by the expedients of science as the weight 
of a pound of lead — is accurately known, so also is 
its influence upon the tides of the air. Sir John 
Herschel, indeed, was able to show that the com- 
bined influence of the sun and moon would, in the 
most favourable circumstances, cause an atmos- 
pheric tide which would affect the barometer to 
the extent of the of ^ iiich. Five- 

sevenths, or nearly three-quarters, of this oscilla- 
tion would be due to the action of the moon. But 
this, it w^ill be observed, is a quantity so minute 
that it must be altogether swallowed up, and dis- 
appear, in the large oscillations which are caused by 
the heat-action of the sun, and which in extreme 
instances, it has been seen, amount to three inches 
of the column of mercury. The final result, there- 
fore, unquestionably is that any changes of atmos- 
pheric condition that can be brought about by the 
shifting positions of the moon are neceB8a.rily too 


small to be appreciable amidst the larger vicissi- 
tudes that are incident upon other causes. 

Although the old popular notion that appreciable 
changes of the weather can be produced by the 
changes of the moon must thus be summarily dis- 
missed from the canons of modem meteorological 
science, there is one somewhat correlative point 
concerning which a qualifying word needs, never- 
theless, to be said. At the time of full moon a 
very considerable flood of reflected sunshine is 
thrown back from its bright face upon the other- 
wise night-shadowed hemisphere of the eaiiili. But 
is it clear that there is no w^armth, as well as 
light, in this flood of moonshine] Is it certain 
that all the heat which undoubtedly was associated 
with the solar rays when they fell upon the moon 
has been sifted out from the light-beams which are 
thrown back to the earth ] Various attempts have 
been made by scientific men to ascertain whether 
any trace of heat can be detected in moonlight, and 
the most exquisitely sensitive plans have been 
devised for getting a satisfactory result from the 
experiments. In one of these a faint indication of 
warmth was found by the skilful observer Melloni, 
who used a very delicate thermo-electric pile* in 
his experiments. But in the vast majority of trials 
the moonshine appeai'ed to be absolutely cold. In 
reference to these interesting investigations, it 
may, how^ever, be remarked that all the observers 
inclined to ascribe the coldness of the moonlight to 
the circumstance that whatever heat there may be 
in the lunar beams is absorbed by the vapours 
floating in the higher regions of the atmosphere, 
and thei'efore prevented from reaching the ground. 
If this be the case, it obviously implies that the 
heat reflected from the full moon does exert a pal- 
pable effect upon the atmosphere, although it does 
not penetrate to the solid surface of the earth. 
Tlie heat which is arrested by the vapours of the 
air must be turned to account in increasing their 
rarity and transparency, and therefore in dissolving 
slight deposits of visible mist, such as the high 
clouds frequently present. Sir John Herschel was 
led to infer that some action of this kind is exerted 
by the moon in consequence of having had occasion 
to notice how very commonly the nights of the full 
moon at the Cape of Good Hope were absolutely 
cloudless and clear. The author’s own experience 
of nearly nine years in the neighbouring colony 
of Natal substantially confirmed the impression of 
the distinguished astronomer. He acquired, in- 
deed, such a confidence in the sky-clearing influence 
• * “ Science for AU,” VoL III., p. 59. 
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of the full moon, that he was upon one occasion, at 
a somewhat serious cost to his reputation as a 
weather Pundit, betrayed into t|ie indiscretion of 
advising that the night of the full moon should 
be fixed for a ball which was about to be given to 
the officers of the garrison at Pietermaritzburg, the 
capital of Natal, in order to take advantage of the 
probability of fine weather which that contingency 
promised. This was a matter of rather serious 
importance in a small colonial town, in which close 
carriages were still very much in the same category 
as the visits of angels. On the day of the full 
moon, when the entertainment took place, heavy 
rain began to fall in the early lioui's of the after- 
noon, and it continued to fall as viciously as only 
tropical, or approximately tropical, rain can until 
far on into the small hours of the night. For a 
considerable time after that inauspicious act of 
meteorological prophecy, any exceptionally heavy 
rain was profanely spoken of in Pietermaritzburg 
as “ one of the Doctor’s full moons.” The prophecy 
was nevertheless not without good justification. In 
eight full moons out of ten the result would have 
been of a more satisfactory character. The unfor* 
tunate event was simply an untimely exception to 
a good general rule. The failure of the prediction 
in this particular case was merely the consequence 


of the fortuitous accident of a series of disturbing 
influences coming simultaneously into play. A 
strong conflict of opposing winds had for the time 
overwhelmed and swallowed up the beneficent spell 
of the moonshine. The full moon, which is capa- 
ble of dissolving thin clouds in the higher regions 
of th^ comparatively still air, is not competent to 
deal with the denser cloud-masses of the storm. 
The careful observer of weather signs, wherever he 
may be, will often find that with still calm air, 
and a slightly veiled sky, the full moon will 
gradually establish its ascendency, and shine out 
in undimmed glory w’ith the advance of night. 
There must, however, be a steady barometer, and 
an absence of wind as well as of heavy low clouds. 
If, therefore, a young aspirant feels tempted, at 
any time, to venture upon a weather prediction in 
connection with the full moon, it may be as well 
for his reputation as a would-be seer that he shall, 
at any rate, make the fulfilment of his prophecy 
conditional upon the co-existence of these atmos- 
pheric states. Such, at any rate, is thtj moral 
which the writer here df^sires to point. Even the 
full moon only exerts a weather influence to the 
extent of clearing away the thin upper cloud that 
occasionally lingers in a settled and well-disposed 
state of the atmosphere. 


THE ANATOMY^ OF ANTS. 

By F. Bichanan Whjte, M.D., F.L.S. 


Nature is most to be admired in things 
X of the smallest size has, perhaps, no better 
illustration than that afforded by the ants, whether 
it be from their structure, their real or supposed 
intelligence, or their curious and 
varied habits. In structure, 
they are admirably suited for 
carrying out the work that has 
been entrusted to them ; in in- 
telligence, they surpass many 
other creatures of far higher 
rank in the animal kingdom; 
and in some of their habits they 
occupy a position only second, 
perhaps, to that of man himself. 

Though we cannot all expect to have an opportunity 
of seeing for ourselves everything that is worthy of 
notice, yet, as ants inhabit every clime and almost 
every place, it is within the power of everyone to 


acquire for himself that most excellent knowledge 
which arises from direct and intelligent observa- 
tion ; and for the rest we must trust to the informa- 
tion given to us by others more fortunately situated. 













Figr* 1.— Ked Ant : a, Male : b, Worker ; c, Female. {Magnified and natural 

Ijet US proceed, therefore, to the nearest ant-city 
(whether this be below a stone, in a mound of 
earth, in a decaying tree, or [Fig. 2] in one of those 
large collections of vegetable debris known as “ant- 
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hills and, as it is desirable to become well ac- 
quainted with the personal characteristics of the 
subject of our investigation, begin by subjecting 
one of the inhabitants to a careful scrutiny. 

It is possible that, in looking about the ant-nest 
for a suitable “ specimen,” on which to begin 
operations, we may notice that some of the in- 
habitants have wings, while others are wingless. 
Examining more attentively the latter, it will be 
seen that they are of at least two sizes. Passing 
by the larger ones for the present, we will select 
one of the smaller individuals. 

Our captive, we will find, is a small, more or 
less elongate, animal, furnished with six legs, tw^o 
antennae, etc., and with rather hard integuments, 
formed of the horny material called chitine, which, 
as in other insects, constitutes the external (and 
only) skeleton, or framework, which serves for the 
attiichment of the muscles and the protection of the 
viUl organs (Fig. 1). This homy skin is more or 
less polished and shining ; but examination with a 
magnifying-glass will show that it is not destitute 
of some very fine and short hairs, more abundant 
and conspicuous in some kinds of • ants than in 
others. 

The lx)dy, like that of other insects, consists of 
three chief parts — head, thorax or chest, and 
abdomen. 

The head is more or less triangular in outline, 
broadest behind, and flattish Ijelow. In front, and 
a little below, is the mouth, furnished on each side 
with a generally stout and toothed homy mandihh. 
or upper jaw ; sometimes, however, the mandibles 
are slender. Between the upper jaws is situated 
the upper lip, or a somewhat homy plate, 

usually bilobed, directed do\\mwards, so as to 
cover the opening of the mouth, and attached by 
a membrane, which serves as a sort of hinge*. 
Nearly concealed by the upper lip are the maocillce, 
or lower jaws, one on each side. These are rather 
small, leathery in texture, and composed of three 
pieces, of which the temiinal one is hard and 
rounded at the extremity, which is furnished with 
some strong hairs ; while near the inner, or upper 
I Harder, is often a row of minute elevations, which 
are considered to be organs of taste, or gustatory 
papillae. Each maxilla is provided with a palpus, 
or feeler — the Tnaacillary paXjn — composed of from 
one to six joints. At the lower part of the mouth 
is the lower lip, or lahium, a membranous and 
muscular organ, very mobile, and bearing the two 
lip feelers, or labial palpi, composed of from one 
to four jointa To the inner and upper surface of 


the lower lip is attached the tongue, a very mobile 
and extensible muscular organ, convex above and 
in front, and concave below, and covered above 
with transverse folds. Below and near the tip of 
the tongue are two homy plates, each provided 
with a strong hair ; behind the tongue is a row of 
strong and long teeth, and on each side in front, 
and also on the hind border, are a series of gus- 
tatory papillae, similar to those on the maxillae. 
The parts of the mouth are all short, and more or 
less concealed, with the exception of the mandi- 
bles, which are often of large size and formidable 
appearance. 

Near the front of the head are inserted the 
antenna:, rather long, relatively, to the size of the 
insect. Each antenna consists of a long basal 
joint (called the scape, and frequently nearly half 
the length of the whole antenna), and a number 
(8 to 1 3) of smaller joints, wdiich form the flagellum. 
At the junction of the scape and flagellum, the 
antenna forms a \ ery distinct angle, or elbow. The 
flagellum, being composed of a number of joints, 
has a certain degree of flexibility. 

The compound eyes are situated upon the rounded 
side-margins of the head, behind the antenna? ; and 
are elliptic in outline, and more or less convex. 
In some kinds of ants (as we shall see hereafter), 
they are nearly or altogether absent. These com- 
pound eyes are formed as in other insects, and 
their stmeture has been briefly described in a 
former paper. We need, therefore, only notice 
just now that the number of facets, of which the 
external surface of the eye is composed, is very 
variable in the difierent kinds of ants. Some 
species are said to have only one to five facets, 
while others have no less than twelve hundred or 
more. 

The ocelli, or single eyes, are not always present, 
as the workers are unprovided with them. When 
present (as in the males and females) they are 
usually three in number, though sometimes reduced 
to one, and situated on the top of the head, one in 
front and two behind, and so arranged that, if we 
connected them by lines, an isosceles triangle would 
be foimed. The structure of the ocelli, as of the 
compound eyes, has been alluded to in a former 
paper. 

The thorax, or chest, which is connected with 
the head by a slender neck, is constructed of the 
usual three rings or segments, forming respectively 
the front chest (prothorax), middle chest (meso 
thorax), and hind chest (metathorax). These, in 
the individual ant under examination, which, from 
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its wingless condition and size, is most probably a 
“ worker,” or neuter,” as the workers are some- 
times called, are all tolerably distinct ; and their 
dorsal and ventral regions are termed respectively 
pronotum, mesonotum, and metanotum, for the 
dorsal; and prostemum, mesostemum, and meta- 
stemum, for the ventral. In the male and female 
ants (whose examination we have deferred in the 
meantime), these parts are more complex and not 
so easily made out as in the worker. 

Though always consisting of these three seg- 
ments, the shape of the thorax varies extremely in 
different kinds of ants. Ea.ch ring is provided 
with a pair of legs, each composed of the five parts 
usual in insects, viz., coxa, trochanter, femur or 
thigh, tibia and tarsus ; the latter being made up 
of five joints, of which the first is much the longest. 
The last joint is furnished with two claws. The 
three pairs of legs differ only in length, the first pair 
being the shortest, and the third the longest ; but 
the tibia of the first pair is provided with a kind 
of brush-like spur, which is used by the ant in 
cleaning itself. 

The abdonim is composed of six rings or seg- 
ments (except in the males, which have seven). The 
first segment in some ants, and the first and second 
in others, are rather peculiar in structure, being so 
considerably reduced in size that a distinct waist is 
formed ; the segment (in the one case) or segments 
(in the other) a^jpearing in the narrow waist as 
thickenings or knots,” which latter name has 
been applied to them, the whole waist being called 
the j^etiole. When there is only one “ knot,” it is 
furnished above with a variably-shaped piece called 
the scale. The rest of the abdomen is spherical, 
oval, elongated, or heart-shaped in form ; and in 
some families of ants is provided with a more or 
less formidable retractile sting. 

Having thus examined the chief features of the 
external anatomy of an ant (or rather of one of the 
individuals known as workers), we will, before 
glancing at the internal structure, revisit the nest, 
and tiy and find some other specimens which, 
while bearing a general resemblance to the one we 
have examined, have yet well-marked differences. 
Should our visit be made at the proper season of 
the year, it is more than likely that in or near the 
nest will be seen some insects much like the ant 
we have examined, but larger, and provided with 
two pairs of membranous wings. These winged 
individuals will be seen to be of two sizes, the 
larger being the females and the smaller the males 
(Fig, 1), A closer search amongst the ants which 


inhabit the nest will show us that there are a set 
which differ only from the winged females in that 
they are wingless; and a still more minute inspection 
of these will reveal the fact that they are female 
ants, which somehow or other have no wings. How 
this happens we shall presently see, but in the 
meantime we will ascertain in what respect the 
male and female ants differ from the workers or 
neuters. In the first place, the head is rather 
narrower in comparison with the front part of the 
thorax, than which in the workers it is broader, 
and in the males and females narrower. Both the 
latter are provided with simple eyes, or ocelli, which 
the workers never have; and the ocelli of the 
males are more developed than those of the 
females, while, on the other hand, the mandibles of 
the males are less developed. In the thorax there 
is, as mentioned above, a considerable diff(Tence, 
for not only are the three rings of which it is com- 
posed considerably more subdivided, and hence 
altered in appearance, but, as the males and 
females are provided with wings, room has to be 
found in the thomx for the muscles which work 
the wings, and hence it is much stouter. The 
pieces into which the three rings of the thorax arc 
subdivided vary in form in different kinds of ants, 
and all the parts are not always to be distinguished 
as separate pieces. When distinguishable they are 
as follows : — The front chest is composed above of 
one piece or plate, the pronotum (often nearly 
covered by the corresponding piece of the next 
ring), and below of two pieces, which together 
form the prosternum; the middle chest consists 
above of four pieces, one behind the other, and 
termed respectively the mesonotum, proscutellum, 
scutellum, and postscutellum, and below of one 
piece, the mesostemum, above which, on each side, 
is another platt% called the scapula ; the hind chest 
has one piece above, the metanotum, and three 
plates below, forming together the inetastornum. 
From this it will be seen that the thorax of the 
males and females, at least on the upper surface, 
is much more complex than that of the workers ; 
on the under side the difference is not so great, and 
the parts there have the same names in the workers 
as in the other individuals. 

Tlie Avings are four in number, rather large, and 
formed of a delicate membrane, strengthened by 
nervures. The first pair of wings is the longest, 
and arises from the sides of the middle chest, being 
attached at a point between the mesonotum, post- 
scutellum, and scapula The second pair of wings 
is attached to the hind chest Both pairs of wing? 



112 


SCIENCE FOR ALL 


are more firmly attached in the males than in the 
females. 

The abdomen also presents some points of dif- 
ference, as, for example, in having one segment 
more in the males than in the females and workers. 
The males of those ants whose workers are armed 



or lower jaws, are not constructed for mastication, 
but rather as sheaths for the tongue. It is the 
tongue (Fig. 3, a) which is the chief instrument- 
employed in eating, and it is used, as a dog uses 
his tongue, to lap up liquid, or nearly liquid food. 
If the food is, for example, an insect, it is cut up 




Fig. 2.— Nest or the Rei> Ant. 


with stings, have no stings, though the females 
hava The extremity of the aMomen presents 
certain differences of form, dependent on the sex 
of the individual, and connected with the organs 
of reproduction. The workers partake in this 
respect of the characters of the female, to which 
sex they in reality belong. 

We will now look at the internal structure 
I Fig. 3). The alimentary system.^ which is on much 
the same plan as in other insects, commences with 
the mouth and its various parts. Of these the 
mandibles are not used in eating, and the maxillae. 


by the mandibles, and its juices and soft parts 
extracted by the tongue. Next comes the gullet^ 
a long muscular tube, commencing with the pharynx 
and continued as the cesophagus. Into the pharynx^ 
which is more muscular than the oesophagus, opens 
from below a spherical bag, called the “ buccal sacj^ 
whose use is unknown, but which is generally 
filled with a somewhat solid mass of alimentary 
particles. Its walls are not muscular. Tlie oeso* 
phagus dilates as soon as it enters the abdomen 
into what has been called the “ sucking stomach^** 
which is merely an enlargement of the ossophagus* 
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end, like it, not very muscular. This sucking vessels, &c., which are attached to the alimentary 
stomach is usually hlled with a clear fluid, and opens canal of insects have been described in a previous 
into the gizzard or proventriculus (Fig. 3, d), a paper, and need not be further alluded to. Nor 
homy and muscular dilatation of the alimentary need special mention be made of the breathing and 
canal, varying considerably in structure in the various blood-circulatory systems, which, for the most part, 
genera of ants, and composed of three parts. The present no striking diflerences 'from the same 
anterior portion is cylindrical, and its inner wall organs in other insects. On the other hand, the 
contains four longitudinal horny (chitinous) plates, or nervous system (Fig. 3, c) is much more highly 
leaves, surrounded by strong muscles. These plates developed than it is in the great majority of 
are rounded at the top, where? 
they touch the sucking stomach, 
but approach closely at their ^ 

lower ends, and them diverge and ( 

form a bulb, which is also eiii- M ) 1 

bedded in strong muscles. The? 

second part, which vari(?s muesli ^ 

in length, is a narrow, straight 
muscular tube, extending from 
the bulb to the third part, which 
is another dilatation, somewhat 
globular or elliptical in form, and 
contained entirely in the cavit>' 
of the true stomach. As already 
mentioned, the gizzard varies in 
the fonn of its difltTent parts 
very considerably in diflenait 
kinds of ants. In some tlu‘ 
horny plates in the anterior 
portion are much less developed. 

Ants, as we shall presently see, 
j)ai^ke of food wdth two obj('cts 
in view : one, to nourish them- 
selves, the other, to have a supply 
from which to feed the young or 
their hungry comrades. This is 

accomplished by disgorging part 

^ 11 1 3 . “A, Toujfue of Ant ; n, Parts of Chest of do. ; a. Nervous System of do. ; d, Gizzard 

of the food they have swallowed, ^ of do. ; e, Poison Gland of do. (After Ford.) 

and which is stored up chiefly in 

the sucking stomach. The object, therefore, so far insects, though, of course, the chief features are the 

as is known, of the gizzard is to closely cut oflT all same. The ganglions (or “ despots of nerve force’^) 

connection between the part of the alimentary situated in the head are especially large and well 

canal in front of it from that which is behind, developed As usual they consist of two, one (the 

and so prevent any of the contents of the true larger) above the gullet, and the other below. Be- 

stomach being disgorged along with the liquid in hind th(? former are tw^o large n(Tve-mass(*s, t(?rmed 

the sucking stomach. The horny plates described the “pedunculated bodies,^^ and of greater niagni- 

above are closely pressed together, and thus make tude in the workers than in the males and females, 

an effectual valve. These bodies are more developed in ants than in 

The gizzard is followed by another dilatation of any other insects. In the thorax there are three 
the alimentary canal — the true stomachy or ventri- ganglions, and in the abdomen four, of which one 

cuius, which, like the sucking stomach, is capable is in the “ knot ” of the waist — when there are two 

of considerable expansion. It is followed by the “ knots ” the first only has a ganglion. 
intestine proper. The various glands, including In connection with the nervous system some 
the salivary glands, the Malpighian or urinary organs of special senses must be noticed, though, 

207 
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owing to the small size of these insects, more 
light requires to be thrown on their structure 
and supposed uses. Amongst these organs is 
one which is believed to sers^e for the sense 
of hearing, and is to be found in the tibia of 
the front leg. The air-tube, or trachea, after 
entering the tibia, dilates into a “ sac,” tlien 
contracts into a tube again, and again dilates at 
the tip of the tibia into another “ sac.” A smaller 
tube arises from the first dilatation, and runs down 
the tibia and joins the main tube near the second 
sac. The other parts of the structure have not 
been very clearly made out yet. It may be com- 
pared, according to its discoverer (Sir John 
Lubbock), to the supposed organ of hearing in 
the leg of the crick(‘t. 

In the antcmnae are several structures whose 
use is not quite made out, but some of w^hich seem 
to be connected wdth the senses of touch and 
smell. There is no doubt but that the antenna is 
of the utmost impoitaiice to the ant, and the sense 
of w Inch it is th(j organ is best comparable to that 
of touch and smell in the higher animals, though 
possibly it is the seat of some other sense of w'hich 
we know nothing. An ant deprivt'd of its antenme 
loses the faculty of finding its w'ay, fails to recog- 
nise friends or enemies, and even to discover food 
placed quite close to it. Moreover, as th(' sense of 
sight is not very highly developed in some ants 
(especially in the "workers), and is occasionally 
entirely wanting, the necessity of such a sensitive 
organ as the antenna becomes of paramount im- 
portance. Tlie structures that have been discovered 
are five in numbei*, two internal and three external. 
The latter consist of — 1st, thick, obtuse*, trans- 
parent, club-like hairs, seatt^d on broad ‘‘canal- 
pores,” w'hicli look like transparent discs. Tliese 
clubs are supposed to be connected w ith the sense 
of smell. 2nd, hairs much more delicate, uniform, 
and less homy than the ordinary Imirs, and placed 
upon narrow “canal-pores.” These are thought to 
be organs of touch. 3rd, another kind of hair, very 
broad but i>ointed at the tip, three-ridged, arising 
from a “canal-j)ore,” and then bent and lying in a 
longitudinal trench. Inside these latter hairs there 
seems to l:>e another hair. These three kinds of hairs 
are most abundant towards the tip of the antennae, 
and are never to be found on the “ scape,” nor on 
the first joint of the “ flagellum.” The two in- 
ternal structures, which are probably connected 
with one or other of these external organs, though 
this connection has not been traced, are as 
follows: — 1st, the antenna, in addition to the 


muscles which move the joints, contains an air- 
tube (trachea) and a nerve. In the joints of the 
“flagellum” the nerve forms ganglion-like swell- 
ings. The last joint contains one of these swellings, 
in which terminate the ultimate branches of the 
air-tube. In connection with this last ganglionic 
mass are from five to twelve horny tubes, each 
ending in a zigzag homy canal, which ends in an 
annular opening in the external skin of the 
antenna. The tubes are united more or less into a 
bundle in the last joint, but isolated ones may be 
found in the other joints of the antenna. In their 
structure these tubes somewhat resemble the third 
kind of hairs described above. 2nd, near the 
annular opening just mentioned are to be found 
certain other horny transparent organs, resembling 
in shape champagne bottles. They touch the horny 
skin of the antenna, and also seem to be in connec- 
tion wdth the ganglionic masses. 

In describing the abdomen, allusion w\as made 
to the fact that the females and w^orkers of some 
families of ants w^ere provided wuth stings. The 
sting is a modified form of the egg depositor, and 
consists of a central piece, which serves as a 
director or guide ; two slender and sharp lances, 
which meet each other by one of their edges, and 
the central piece by the other edge, and thus form 
a tube, by which the poison is conveyed to the 
wound made by the lances ; and an outer piece on 
each side which serves to form a valvular sheath 
for the sting. There is a special poison-|)roducing 
appaiutus w’hich is in connection with the sting in 
those ants which have one, but is also j)ossessed 
by the ants wdiich liave no sting. Tlit* maniiei 
in wliich some of the latter use the j»oisou is by 
ejecting it forcibly from the end of the abdomen. 
Tlie method in which this is done may be 
easily observed by disturbing on a warm day 
one of the large “ant-hills” so common in many 
w^oods. If the inhabitants are numerous and much 
excited, the shower of liquid poison ejected makes 
quite a sj)my, rising eight or ten inches above the 
nest. Care must be taken not to allow" any of it to 
get into the eyes. The ix)ison apparatus is comi)Osed 
of — 1st, the poison gland ; 2nd, the poison reservoir 
or bladder ; 3rd, the sting, when it is present ; (ind 
4th, the accessory gland. The poison gland (Fig. 
3, e) varies somewhat in fonn in different families 
of ants. It consists of two tubes, slender or stout, 
which unite into one, and enter the outer skin of 
the poison bladder, but before piercing the inner 
skin go backwards and forwards till an oval or 
circular pad or cushion is made. Sometimes the 
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gland is furnished with branches. The reservoir 
or bladder is a transparent, flexible, and expansible 
bag; from it a naiTow tube leads either to the 
sting or to the cloacal opening at the apex of 
the abdomen. The accessory gland varies con- 
siderably, both in size and form, wliich may be 
that of a single or bifid tube, or spherical, &c., 
and it is filled with a thick yellow liquid. The 
poison of ants has usually a very pungent odour, 
and has, as a constituent, formic acid. 

Though ants have no voice, in the true sense, yet 
some of them can produce a sound. This is accom- 
plished by one of the abdominal rings being rubbed 
on another, the parts thus brought into contact 
being distinctly provided with raised striations. 
The sound produced is somewhat of the nature of 
a whine, and seems to be a sign of irritation or 
anger. 

Having now seen what are the chief peculiari- 
ties exhibited by the structure — external and in- 
ternal — of the adult ant, we must devote a little 
attention to the preparatoiy stages which they, in 
common with all insects, pass through. The 
materials for direct observation of these will be 
fomid in any ant’s nest, if we look for them at the 
proi>er season, i.e., usually throughout the waimer 
moutlis of the year (Fig 4). 

The egg is the first stage ; and here, it may lie 
remai’ked, that what are popularly called “ants’ 
eggs,” are not the eggs at all, but the pupse (or 
third stage) enveloped in their cocoons, and very 
many times larger than the true eggs. The eggs 
when first laid are elongate in form, and opaque 
white, or yellowish in colour. In size they vary, 
of coux'se, according to the dififcrent species of ant 
to which they belong. The eggs that will produce 
male, female, or worker are identical in appearance. 
The most remarkable fact connected with ants’ eggs 


enter. The egg is usually hatched in about a fort- 
night after it is laid. 

The next stage is that of the larva^ which 
is in the form of a small white grub or maggot, 
whose body is composed of twelve rings or seg- 
ments, often indistinct (Fig. 4, a). The larvce of the 
different kinds of ants vary somewhat in form ; 
some being thick at both extremities ; others nar- 
rower in front ; some are very mobile ; others stiff 
and almost incapable of movement. The head end 
is usually curved, and the skin more or less covered 
with fine hairs. The mouth shows some of the 
parts of the mouth of the adult ant, but only in a 
rudimentary condition. Thus we can trace the 
rudiments of the two mandibles ; of the maxillse, 
which are soldered together into one soft central 
piece, notched in front and furnished with two 
short, thick, homy hairs on each side ; and of the 
lower lip, which is soft and retractile. 

The duration of life in the larval condition varies 
according to the season of the year and the kind 
of ant. Sometimes it is less than two months ; at 
others, larvse hatched in autumn do not change to 
pupa 3 till the following July. During all their 
life the lar\'8e are dependent upon the workers, 
who nurse and feed them; they are quite incapable 
of taking care of themselves. As they increase in 
size they moult, or change their skins, but how 
often this is done is yet uncertain. When the 
larva has attained its full size, and the time has 
arrived for it to pass on to the third or pupa stage, 
it begins to envelop its body in a cocoon of fine 
silk threads, till it is entirely enclosed and hidden 
in an oblong oval case of close texture (Fig. 3, c). 
Within this it throws off its skin and becomes a 
pupa or nymph (Fig. 3, b), and remains there till 
the final change to the perfect or adult condition 
takes place. The cocoon varies in colour and in 


is that they increase in ^ ^ a — ^ ^ ^ 

size, becoming at the same “ 

time transparent, and 
curved at one end. This 
increase of size is almost 
peculiar to the eggs of the 

ant amongst insects : and 

if 18 f bmmlif that the Fig. 4.-~Larva, Nyinpli, and Cocoon of Bed Ant a , Larva, side^ys and fro^bove 
lb IS tnougnt tnaL Ilje ^ and iwc) ; B, Nymph, seen from below {magnified and nat. fize) ; c, Cocoon of Nymph 
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the eggs — which is one ot 

their most important duties — convey nourishment 
to the enclosed embryo by endosmosis, that is to 
say, the contents of the egg are able to absorb, 
through the covering membrane, liquid food, though 
there is no opening or mouth by which it can visibly 


the thickness of its walls in the diflferent species. 
It is usually of a white or pinkish yellow tinge, 
and not very strong in texture. But the larvae of 
all kinds of ants do not make cocoons. Some 
change to pupae without doing so; and even amongst 
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the ants that usually make cocoons, individuals 
may be foimd which do not 

In ih^pupa or third stage all the limbs, except the 
fully-developed wings, of the adult insect iire to }>e 
seen, butenveloped in a close-fitting membrane, which 
forms for the antennse and legs (wliich are folded 
on the breast) distinct sheaths. The pupa — even 
when not enclosed in a cocoon — cannot move about, 
does not increase in size, and does not, of course, 
partcike of nourishment. In colour it is at fii-st 
white, but soon the ey('s (seen through the trans- 
pamit env(‘loping membmne) change to brown, 
becoming gradually darker ; and, as the insect 
approaches maturity, a general change of colour 
takes place, and it becomes somewhat of the tint of 
the adult ant, whatever that may be. Just as they 
did for the eggs and for the larva?, the workers take 
complete chai‘ge of the pupre — whether these be in 
cocoons or naked — canying them about from one 
part of the nest to another, according to the tem- 
perature, watching over them and cleaning them. 
As the larva, in spinning its cocoon, probably 
attached to it particles of earth or fragments of 
the debris which composed the nest, the workers 
carefully clemi and smooth it, and, finally, when 
the time has arrived for the pupa to be hatched, 
they assist the young adult to make its escape from 
the cocoon, for it cannot do this itself, and should 
not the worker cut open the cocoon the inmate of 
it perishea 

It is decidedly remarkable that the workers 
should know when it is time to let out their 
nurselings (for the duration in the pupa state 
is a little variable), but M. Forel, in whose w'ork 
on the Ants of Switzerland much interesting in- 
formation may be found, has observed that, after 
the pupa has become mature, there is a sufficiently 
long period during which the v/orkers can select 
their own time for opening the cocoon and exti-act- 
ing the pupa. The latter can then throw ofi* the 
membrane in which it is invested, and become an 
adult ant. Though this last moult can be per- 
formed without the assistance of the worker-nurse, 
the latter, no doubt, often helps^ especially with 


the males and females who have a difficulty in dis- 
engaging the tips of their legs and wings. 

Having now traced an ant through the various 
metamorphoses that it hfis to undergo, and having 
seen the chief details of the structure of the per- 
fect ant, we must pause to inquire to what order 
of insect it belongs. From the dissimilarity of the 
larva to the perfect insect, we have no difficulty in 
deciding that it belongs to those orders which are 
said to have a perfect metamorphosis, and are 
hence called metabola or metabolous. In the next 
place, the structure of the adult’s mouth places the 
ants amongst the insects which are furnished with 
mandibles ; and, lastly, the possession of four 
membranous wings separates them from the 
l>eetles or Coleoptera, which have the front wings 
leathery. Thus we arrive at the conclusion that 
they belong to the Hymenoptera (so called from 
the membranous nature of their wings), and find 
their nearest relatives amongst the bees, wasps, 
ichneumon-flies, We can then pursue our 

inquiries farther, and, from the knowledge we 
have acquired of the anatomy of the ant, find that 
its place in the order Hymenoptera is amongst those 
whose femak's and workers are provided with a 
sting or poison gland (though, as we have seen, the 
sting is somtitimes abortiv('), and which, conse- 
quently, are termed the “Aculeate Hymenoptt^ra.’’ 
Proceeding a little farther, we find that they can- 
not belong to the large family of the bees (there 
are many other kinds of bees besides our familiar 
acquaintances — the hive and humble bees), be- 
cause the basal joint of the hind tarsus is not, as in 
the Ijees, flattened and widened to form a basket 
for carrying pollen. Finally, we discover that our 
ants, having wingless workers, cannot find a place 
in the gi’oup called “ Fossores ” (of which the wasps 
are the most distinguished members), whose 
workers, when they have any, are provided with 
wings ; and so at last we trace them home to the 
group “ Heterogyna,” so called because of the two 
kinds of females, viz. : the fully-develo|XHi and 
winged females, and the wingless workers, or so- 
called neuters. 
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A LUMP OP SUGAR. 

By David Houston, F.L.S., 

Author of “Practical Botany for Elementary Students/' 


S UGAR, it is well known, exists in many 
varieties of form, each differing from the 
other in certain physical and chemical par- 
ticulars ; but sweetness and ready solubility in 
water are two of its constant and most character- 
istic j^roperties. If we examine the structure of a 
lumj) of loaf-sugar, we find that it is built up of 
an immense number of small, si)ai kling, transparent 
crystals. Proceeding to break the lump, we find 
that the pai’ticles are very easily sei)arated, in 
consequence of which the body is exceedingly 
brittle. An explanation of this lies in the fact 
that the shining faces of the many crystals seen on 
both the fracture surfaces were planes of weak 
cohesion.* To understand it more clearly, get 
some large crystals of sugar — such as are found in 
sugar-candy — and, with a knife-blades, attempt to 
split a crystal in different directions. Now notice 
that there is one direction in which the crystfil 
rejfuses to split, while there is another direction 
along which it will split quite easily, enabling us 
to remove again and again thin shining layers from 
the crystalline mass. These cleavage planes, as 
they are called, are therefore surfaces of weak 
cohesive force, and hence th(^ fissile character of 
all ciystalline bodies. If, for the purpose of com- 
parison, we here destroy the crystalline structure 
of the lump of loaf-sugar, by placing it in a metal 
spoon and holding it over the ffame of a lamp until 
it melts, we can see at once, upon an examination 
of the cooled yellow mass, the marked diffTerence in 
physical condition existing between a crystalline 
and uncrystalline variety of the same body. 

Sugar is highly soluble in water, but scarcely 
soluble at all in alcohol. It crystallises from its 
aqueous solution when slowly evaporated, form- 
ing oblique six-sided or four-sided rhomboidal 
prisms (Fig. I). They are well seen in the sugar- 
candy. Now let us fully understand what being 
soluble in water really means. If we put a few 
lumps of sugar in half a glassful of water, and 
keep stirring it with a rod, we shall see the lumps 
gradually disappear, until at last not a particle of 
the sugar is to be seen. In fact, the crystals of 
the sugar liave suffered most extreme subdivision, 
the separated particles being so small that it is 
absolutely impossible to discover their presence by 
* “ Science for All,*’ Vol. II., p. 189. 


any known optical means. The substance, however, 
has undergone no chemical change; the sugar is 
still present in the liquid, as may be readily tested 
by the sense of taste, or we may bring the sugar 
back again to its original state by completely 
evaj)orating the water, thus compelling the little 
particles of sugar that are left behind to become 
gradually deposited, and these, wonderfully and 
definitely arranging themselves in groups, form, as 
the liquid disappears, hosts of little similarly-shaped 



Fig. 1.- -Crystals of Sugar, 

crystals of beautiful form. The addition of a little 
salt to the original solution, it may be noted, 
renders the deposition of the sugar and the forma- 
tion of crystals much more difficult, as salt I’cnidily 
combines with about six times its own weight of 
sugar, and forms a very soluble compound. The 
rapidity of solution of sugar, and all other solid 
substances, depends very much upon the state of 
division of the particles, as is exemplified by 
the more easy solubility of pounded loaf than 
ordinary lump. A given quantity of water, how- 
ever, will not dissolve an unlimited amount of 
sugar. If we still keep adding sugar to the liquid 
it will be found that a cerfain i)oint is reached, 
beyond which the water can dissolve no more, and 
any farfher additions of sugar will simply fall to 
the bottom of the vessel The solution is then said 
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to be saturated Cold water dissolves three times 
its own weight of sugar ; hot water a little more. 
Temperature, however, in this case influences more 
the rapidity of solution than the amount of sub- 
stance dissolved. A cup of hot tea, it is well 
known, dissolves sugar much more rapidly than a 
cup of cold tea. Further, it is found that stirring 
the tea also hastens the solution of the sugar. Tlie 
reason of this is, that, the liquid being still, that 
portion of it in the neighbourhood of the stationary 



Fig. 2. — ^Exx)crimeut showing the Conversion of Sugar to Charcoal. 


dissolving lumps becomes fully saturated, and 
further solution is practically stayed. By stirring 
it, fresh portions of the tea are brought into con- 
tact with the undissolved mass, and solution is 
speedily eflfected. By such means, then, our lump 
of sugar may be mechanically broken up, the pro- 
cess being so complete that the cohesion existing 
even between its ultimate particles is overcome, and 
its molecules of inconceivable minuteness are 
separated one from another. 

Is it possible to still further reduce our lump of 
sugar? We shall see. Chemists tell us that each 
molecule of sugar is made up of the solid element 
carbon, or charcoal, and the compound substance 
water. Water, as we have alre^y learned,* is 
composed of the two elementary gases, oxygen and 
hydrogen, in the proportion of two of the latter to 
one of the former. It is a substance for which oil 
of vitriol, or sulphuric acid, has a strong chemical 
aflhuty, as may be easily demonstrated by adding a 
* “Scienoe for All,” VoL U., pp. 62-7a 


few drops of the acid to half a wine-glassful of 
water. The action of combination is so intense 
and energetic that a considerable amount of heat is 
generated ; so much so, indeed, that the glass 
becomes quite hot. This affinity of the acid for 
water may be taken advantage of in showing the 
chemical composition of sugar. Pulverise a lump 
or two, and place the powder in a large cup, or 
empty mustard-tin, tlien pour over it a few drops 
of sulphuric acid, and observe the rapid change. 
The water in the sugar dissociates itself from the 
carbon, and unites energetically with the acid, and 
at the end of a few seconds a black mass of amor- 
phous carbon is all that remains of the sugar. The 
water may also be separated from the cai’boii in sugar 
by means of the force of heat. Pound up a few lumps 
as before, and empty the powder into a test-tube, 
flask, or other suitable vessel, and heat it gently 
over a lamp-flame (Fig. 2). The crystals break 
up, and the powder readily melts into a yellowish- 
coloured liquid, and water, in the form of steam, 
is rapidly driven ofi‘. Continuing the heat, more 
water is expelled, the liquid gets denser, and the 
colour gradually changes to an orange hue, with 
little dark specks occurring hvre and there. Even- 
tually, however, the volume of exj^elled steam 
decreases, the mass swells, l>ecomes quite black, 
and in a few seconds more nothing remains in the 
tube but a quantity of rather spongy-lookiug 
charcoal. 

It is thus easy, by the aid of chemical or heat 
force, to resolve sugar into its simple constituents, 
but all the manipulative skill of the chemist is 
unable to build up sugar again from these elementaiy 
bodies. This process can only be successfully 
accomplished through the agency of vegetal vital 
force. Green plants are specially concerned in the 
process. The soft tissue between the veins of a 
leaf is, as we have already seen,* made up of a great 
number of little thin-walled cells, each full of the 
plastic semi-fluid substance, endowed with life, 
called protoplasm. Imbedded in the protoplasm 
are the little green grains called chlorophyll grains, 
which, during the presence of sunlight, seem to 
take an active part in the work going on in the 
cell Water absorbed from the soil by the roots of 
the plant finds its way into the leaf, and thence 
into these chlorophyll - bearing cells. Carbon 
dioxide (COg), always present in the air, also finds 
its way into the leaf through the pores or stomata, 
especially abundant on its under-surface, and thence 
also into the cells. Here, during the continuance 
* “ AFiOlen Leaf ; ” “ Soience for All,” Vol.,I., p. 21, Fig. 3 
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of sunlight, the compound gas is decomposed by 
the protoplasm, the chlorophyll grains doubtless 
taking on -important pai*t in the operation. The 
carbon is then, under the same or similar influences, 
made to chemically combine with the water, and 
the result is generally the formation of starch, 
though sometimes of sugar. Upon examining a pro- 
perly prepared section of a recently active leaf under 
the microscope, minute grains of starch may be seen 
imbedded in the chlorophyll grains. Their presence 
may be easily detected by causing a weak solution 
of iodine to run over the section, when the starch- 
grains will instantly be stained a bright blue 
colour. Starch is an insoluble substance, and so 
long as it remains in this condition in the leaf it is 
unable to be distributed by the sap throughout the 
rest of the plant’s body ; but under the influence of 
certain forces, physical, chemical, or vital, it may 
be variously modified into soluble compounds. One 
of its forms of modification is sugar, and changes 
resulting in the formation of sugar from starch 
take place in the leaf, and other parts of the plant’s 
body. Hence all green plants contain a certain 
amount of some kind of sugar in their sap. The 
table here given shows (according to analyses made 
by Professor Church) the comparative amounts of 
sugar present in particular parts of the following 
plants : — 

In 100 parts. 


Apple (fruit) . 

. 6*8 

Beet (root) 

. 10-0 

Carrot (root) . 

. 40 

Celery (leaf stalk) 

. 2-2 

Date palm (fruit) 

. 54-0 

Grape vine (fruit) . 

. 130 

Sugar-cane (stem) . 

. 18-0 


Tliis sugar (with other substances) is used by 
the plant as a material for the construction 
of its tissues. When it is formed in any 
considerable excess of the jiresent needs of the 
plant, it is generally stored away in particular 
l)arts of its body in anticipation of future wants. 
Thus in the sugar-cane it is deposited in the stem, 
to be used by the plant in the exhaustive period of 
flowering ; in the bulbous roots of the biennial 
beet as an accumulation of food for its second 
year’s growth ; and in the fruit of the apples as a 
source of nourishment for the young plants which 
will eventually grow from the contained seeds. 
Thus we see that all our supplies of sugar must 
come from the vegetable kingdom, and that if we 
desire to obtain the maximum amount of sugar 
from any particular plant, we must wait until the 
plant has manufactured its full comidoment of 


reserve material, and then extract it before the 
plant draws upon this supply for further growth 
and development. There are several plants from 
the juice of which sugar is now extracted, the 
principal of which are the sugar-cane, beet, 
sugar-maple, sugar-grass, and certain species of 
palms. The sugar-cane yields us perhaps the 
largest supply. It is a stout grass, with a stem 
generally varying in height f rom six to twelve feet, 
with a diameter from one-and-a-half to two inches, 
the nodes or knots being separated by intemodes 
varying in length from three to five inches ; the 
linear leaves are three or four feet long, with stout 
white veins running parallel with the length of the 
leaves. The stem terminates in a clustering head 
of small white flowers. It requires for its success- 
ful cultivation a rich soil in a tropical country, and 
is invariably propagated by cuttings. It is grown 
extensively in the West Indian Islands ; but it is 
said to be a native of the old world, and, although 
unknown to the Greeks and Romans, was cultivated 
in India, China and the South Sea Islands before 
the time of authentic history. It seems, however, 
that about three-and-a-half centuries ago the 
Spaniards brought it over to St. Domingo from 
the Canary Islands, and from thence it was trans- 
planted to various other parts of the West Indian 
Islands. 

When the period of flowering arrives, or just 
immediately after the expansion of the flowers, the 
sap of the stem is rich in sugar. Tlie younger, 
and therefore growing, portions of the stem use up 
their su])ply of sugar for purposes of growth ; and 
hence, when the stems are now cut down near their 
base, the growing parts are cut oft* and removed with 
the leaves. All injured parts are also carefully 
removed, to prevent hasty fermentation in the 
juice. 

The process of extraction of the sugar has already 
been briefly noticed.* It is commenced by ex- 
pressing the juice from the stalks, by passing the 
canes between heavy rollei*s. The collected juic(i is 
then heated wdtli lime, for the purpose of removing 
the free acid, after which it is heated to 60” Centi- 
grade (140° Fahr.), to coagulate its contained albu- 
men, and thus prevent the fermentation which would 
otherwise take place. The clear liquid is next 
evaporated in open pans, and then crystallised in 
open troughs, in the meantime being briskly stin-ed. 
A solid (raw sugai*) separates from tlie molasses, 
which is next strained and then dried in the sun, in 
which state it is usually imported into this countiy. 

* “ScienceforAll,” Vol. I., p. 274. 
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The process of refining is principally carried on in 
Liverpool, London, Bristol, Glasgow, and Greenock 
— ^the chief seats of the trade. The raw suffar 

O 

is dissolved in water, to which is added a little 
lime, ground bone-black, and albumen (such £is the 
serum, or watery portion of bullock's blood). It is 
then boiled by steam, which causes the albumen to 
coagulate, caiTying with it the impurities in the 
juice. Th(' bone-black partially decolours it, but 
the clear liquid is made 
to pass through a filter 
of animal charcoal, 
which completes tlie de- 
colorisatioii. The juice 
is next (‘\'apoi’ated in 
pans, Vi vacuo, which 
reduces the boiling- 
point of the liquid 
from 110" C. to 05" C. 

(230 — UO^Tahr.). The 
resulting syrup is run 
into coolers, and well 
stirred : it is then 
poured into moulds, 
wdiere it cools slowly, 
and becomes in a slant 
time white, s})arkling, 
ciystalliiie sugar-loaves. 

Great su}>plies of 
sugar are also obtained 
from the beet plant, 
which is exteiLsively 
cultivated for this pur- 
pose oil the Continent. 

The bulbous roots, 
which, on the average, 
contain about thirteen 
per cent, of sugar, are from three to six indues in 
length ; but it lias been observed that the smaller the 
size the greater the proportion of sugar. It requires 
for its successful cultivation a deep, well -drained 
soil, with an abundance of soluble iK)tash salts ; but 
the presence of common salt in the soil renders 
difficult (for reasons pi-eviously stated) the crystal- 
lisation of the sugar from the juice. Hence the 
great loss occasioned by growing these plants for 
this purpose upon soil near the sea-coast. About 
September the roots are removed from the ground, 
stripped of their leaves, and stored away in pits. 
Much care is required to prevent the roots from 
sprouting before being sent to the works, as this 
would, of course, occasion considerable loss of sugar. 
The process of manufacture is, in the main, almost 


identical with that pursued in the treatment of the 
sugar-cane, with this exception, however, that the 
juice of the beet-root being sticky, its extraction is 
usually effected by maceration instead of pressure. 

There are several varieties of sugar, but the three 
principal kinds are cane, grape, and milk sugar.* 
The sweetest variety is cane-sugar ; it crystallises 
in oblique six or four-sided rhomboidal prisms, and 
emits a phosphorescent glow when struck, rubbed, 

or broken in the dark. 
It is 1 *606 times 
heavier than water, 
and turns a ray of 
polarised light 73‘^ 8' to 
tlie right. It is princi- 
pally derived, for com- 
mercial and domestic 
pur])Oses, from the 
sugar-cane, beet, and 
sugar-maple ; but it 
occurs in smaller pro- 
portions in the juices 
of other plants — the 
mallow, for instance. 

Grape-sugar is 
twenty-nine times less 
sweet than cane-sugar, 
and is found plenti- 
f\dly in the juice of all 
succulent fruit. It is 
readily formed from 
starch in the plant or 
animal body. It may 
also be easily produced 
from this same sub- 
stance in the laboratory 
by slow boiling in dilute 
aciil, and is sometimes prepared from pajicr, cotton, 
and linen rags, and even from sawdust, by the 
same process. 

Milk-sugar is found in the milk of all the mam- 
malia, but, of coui*se, in varying proportions ; cow's 
milk containing 5 1 per cent., and woman's milk 
6*9. It may be obtained in its characteristic 
rhombic crystals liy slow evajxiration. It is not so 
soluble in water as either cane or fruit-sugar, and 
is also considerably less sweet to the taste. 

Sugar is universally used as an article of food or 
luxury, and its importance in domestic economy 
cannot possibly be over-estimated. Even in countries 
where it is not obtained in a separate form, it is 
eaten extensively in fruits, and other kinds of 
* “ Science for AU,” Vol. I., pp. 273, 274. 
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vogbtable and axiimal foods. It is one of those 
foods which are necessary for the maintenance of 
heat throughout the system, and consequently tend 
to keep up the movements of the body. The heat 
is generated by the burning or oxidation of the car- 
bonaceous compound in the presence of a constant 
supply of free oxygen in the blood, kept up by the 
repeated indraughts of air into the lungs in breath- 
ing. Under this influence of oxidation the sugar is 
broken up, the oxygen unites with the carbon, and 
forms carbon dioxide, and the water is liberated. 
According to Dr. Frankland, ten grains of lump-sugar, 
when burned in the body, produce heat sufficient to 
mise 8*61 lbs. of water 1® Falir., which is equal to 
lifting 6,649 lbs. one foot high. The gaseous carbon 
dioxide — or “carbonic acid gas” — is absorbed by 
the blood as soon as generated. The blood eventu- 
ally finds its way to the lungs, into the air-cells of 
which the gas is speedily diffused, and from thence 
it is expelled in each expiratory act in respiration. 


We have now seen (Fig. 3) that sugar is a readily 
soluble and highly crystallisable organic compound, 
manufactured by plants from carbon derived from the 
carbon dioxide which exists as an animal impurity in 
the air, and water obtained from the soil ; that when 
eaten by animals it is burned in their bodies, thereby 
producing much heat, the oxygen necessary for the 
process being supplied from the air ; and also that 
the gaseous product of combustion, carbon dioxide, 
is expelled by the lungs into the air, thereby 
polluting it. And we have further seen that 
the oxygen thrown off* by plants, when building up 
the molecular stricture of sugar from carbon 
dioxide and water, is taken up by animals to 
enable them by oxidation to pull down this same 
structure, and reduce it again to the two original 
and simjJer inorganic constituents — carbon dioxide 
and water — and that this opemtion is necessary 
during life to enable them to keep up the tempera- 
ture of their bodies. 


PETROLEUM. 

By David Bremneii, 

Author of ** The Industries of Scotland.' 


T he appearance of petroleum, or rock-oil, is so 
familiar to every one that it would be almost 
superfluous to describe it. It is one of a series of 
bituminous substances found in many parts of the 
world, and in geological formations of widely 
different ages. The substances to which it is 
closely affiliated are naphtha — a name it some- 
times bears — which is more fluid, and asphaltum, 
which occui’s in a solid form. Petroleum is 
generally obtained of the consistency of tar, is of 
a brownish colour, unctuous to the touch, has a 
strong odour, and is pungent and acrid to the 
taste. Neither it nor its allies are soluble in 
water or in alcohol ; but the more dense may 
be dissolved in the more fluid of the series. 

What, then, is the origin of this substance ? On 
this point various theories have be^n advanced. 
The fact of its being found in connection with the 
coal measures points to a common parentage with 
the turpentine oils and resins of the coniferous 
ti*ees which entered into the composition of the 
coal beds. But as petroleum is found abundantly 
in some of the older rocks, which contain only 
animal remains, there is proof that the oil may 
be derived from decomposed animal matter as well 
as from vegetable remains. 

208 


Some of the localities in which petroleum is 
found are subject to remarkable phenomena. The 
American consular agent at Maracaibo has 
given an account of a singular deposit of the oil 
which exists between the Rio Tara and Zulia. 
Near the former, he tells us that there rises a 
sandbank about thirty-five yards in diameter and 
ten yards in height. On its surface is visible a 
collection of cylindrical holes, apparently artificially 
made and of different diameters, through which 
streams of petroleum, mixed with boiling water, 
gush forth with great violence, accompanied by a 
noise as though two or three steamera were blow- 
ing off* steam. The column of vapour that ascends 
would doubtless be seen from a long distance were 
it not shrouded by the thick forest, to which 
the petroleum beds that lie underneath give 
a perpetual freshness of foliage. A curious 
phenomenon has been seen in Venezuela, con- 
sisting of a frequent lightning without any ex- 
plosion, which is observable from the bar at the 
entrance of the Lake of Maracaibo, dose to the 
island of Hajoseco, and which Codazzi attributes 
to the vapour ascending from the Cienega de Agua 
Caliente. This appearance, called by mariners “ El 
farol de Maracaibo,” is more probably due to the 
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inflammable gas that permeates the whole district 
to such an extent that it is known by the natives 
as El Inferno, or Hades. 

Though it is only within the last thirty years 
that petroleum has become an important aiticle of 
commerce, it has been used in the arts for forty 
centuries at least. The mortar employed in con- 
structing the walls of Nineveh and those of 
Babylon had a proportion of petroleum mixed 
with it, for the purpose, apparently, of securing 
greater cohesion and excluding damp. Traces of 
the bituminous matter are very distinct in the 
ruins, and the existence of petroleum springs at Is, 
about 120 miles from Babylon, indicate one source 
of the supply. In the ancient history of several 
Eastern countries allusion is made in unmistakable 
terms to the existence of petroleum spiings. Persia, 
India, Java, Italy, and the shores of the Caspian 
(Baku), are especially mentioned as having had oil 
springs at a very remote period, and their supplies 
ai'e not yet exhausted. Plutarch has handed down 
to us an account of a sea of fire,*^ or lake of burn- 
ing pitch, which existed in Ecbatana in his time, 
and the ever-burning fires of the pagan shrines are 
supiK)sed to have had their source in springs of 
petroleum. Rock-oil has also been known in 
England and France for centuries. 

Petroleum, as already indicated, has been found 
over a wide range of strata. In the United States 
it occurs chiefly in the sandstones which form the 
summit of the Devonian series, while in Canada it 
is obtained from lower formations. Where the 
strata have been most disturbed, it is found most 
abundantly, the fissures affording room for it to 
collect in. In many cases it rises to the surface 
when the cavity in which it exists is tapped ; in 
others, it has to be raised by pumping. This 
dej)ends upon the manner in wh'ch the petroleum 
is disposed, and the point at which the receptacle 
is pierced. In Fig. 1, we have a fissure filled wdth 
water (a), oil (6), and gas (c). If the borer in 
search of oil should pierce the part of the cavity 
filled with water, he will find that fluid rise in the 
bore, and probably under the pressure of the oil 
and gas it will ascend in a jet to a considerable 
height above the surface. After the water is got 
rid of, by being allowed to flow away, the oil will 
appear in the bore ; but by that time the expansive 
power of the gas may be so much reduced that 
it is unequal to forcing the oil to the surface, and 
the latter must be drawn by pumping. Should the 
explorer be fortunate enough to “ strike ile,” as 
the phrase is, he will have his reward at once, as 


the fluid will flow freely after being tapped. In 
the case of the boring tools first reaching the part 
of the chamber occupied by the gas, a pause must 
be made until that blows off, and then the oil may 
be extracted by means of a pump. 

The crude petroleum, which is by no means so 
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clear or presenbible a liquid as the oil we are 
familiar with, is converted into various commercial 
products by distillation. Under this treatment it 
yields the following substances in the proportions 
indicated : — 


Gasolene 

Refined Naphtha 10 

Benzine 4 

Refined Petroleum, or Kerosene . . 56 

Lubricating Oil 17 J 

Paraffin 2 

Loss, Gas, and Coke 10 


100 

The still used is of simple form, consisting of a 
vessel furnished with a wrought iron worm-pipe, 
the latter being enclosed in a tank filled with cold 
water. The still having been charged with crude 
petroleum, and the fire lighted, a vapour soon rises 
from the surface of the liquid, and tmversing the 
worm becomes condensed into a liquid, which flows 
into a tank provided for its reception. The more 
volatile components of the crude oil soonest yield 
to the heat, and the fluid first separated has a 
gravity of 95° Beaum6. As the evaporation pro- 
ceeds, the product becomes more dense. When the 
specific gravity has reached about 60’ Beaum6, the 
fluid from the worm is diverted into a second tank, 
and allowed to flow until 38° Beaum6 is x*eached, or 
until the oil assumes a yellow colour. The first of 
the two liquids thus obtained is crude naphtha, and 
the second is burning oil, and they but require 
some further purification to fit them for use ; but 
the fluid in the still is not yet exhausted. The 
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stream from the worm is turned into a third tank, 
the fire urged, and paraffin oil is obtained. This is 
the last product of this preliminary distillation,^ 
and when it has passed over, there is nothing left 
in the still but a quantity of coke. 

Crude naphtha is subjected to further distillation, 
when it yields in succession gasolene, benzine, and 
refined naphtha. Sometimes it is poured into the 
oil wells for the purpose of clearing them, but a 
less legitimate use to which it is put is the adultera- 
tion of the crude oil sold to refiners. At some oil 
works it is customary to blow steam through the 
crude oil before distillation, and thus get rid of the 
naphtha. 

In order to render the burning oil fit for use it 
is purified by the addition of about two per cent, of 
sulphuric acid, which acts at once as a deodoriser 
and an improver of the colour. The oil having 
been poured into a suitable vessel, the acid is 
added, and the whole agitated for some time. It 
is then allowed to settle, when a tarry residuum is 
seen to have been separated. The oil is then 
poured off into a fresh vessel, and washed by the 
admixture of a quantity of water, with which it is 
agitated. Caustic soda or ammonia is then added 
to the oil, which is further agitated. These clarify- 
ing ingredients having fulfilled their office are 
drawn off, and the oil is left beautifully clear. 

Owing to the cupidity of refiners, in sending 
into the market burning oils containing a large 
proportion of naphtha, wliich is a much cheaper 
substance than the oil, many serious explosions 
have occurred, and it has been necessary to take 
legislative measures for the protection of the publia 
No oil that flashes at a lower temperature than 
100® Fahr. is considered safe. Experience has 
shown that one per cent, of naphtha added to an 
oil which flashed at 133® Fahr. caused it to flash at 
103®, the addition of five per cent, caused it to 
flash at 83®, and ten per cent, at 59®. Common 
kerosene, which has a gravity of 47® Beaum6, flashes 
at 86® Fahr., and hence the danger of using that 
oil. 

It may be useful to quote here a passage from 
the evidence given before a Parliamentaiy Com- 
mittee by Sir Lyon Playfair. He said : — “ I would 
bum no oil in my house, nor would I advise a 
friend of mine to bum any in his house, under 
1 20® Fahr. as the very minimum ; but I should 
prefer 130® — ^that is to say, 120® for the vapour 
and 130® for the permanent ignition. Oil with a 
high firing-point gives out more light than the 
other k i nd . It bmms quite as long and gives out 


more illumination. A gallon of oil at 130® of i>er- 
manent ignition produces twenty-five per cent more 
light than a gallon at 100®. The Ught from the 
low-igniting oil is not more at the time it is burn- 
ing ; but those who are accustomed to burn light 
petroleum sometimes like it better than heavier 
and safer oils, as they find that they can manage 
the wick more easily.” 

Under the name of Rangoon oil, refined petro- 
leum was extensively used in this and other 
countries as a lubricant for machinery long before 
the great sources of supply in America were 
tapped. Tlie mode of working the wells in Rangoon 
when the oil ceases to flow to the surface is very 
primitive. A small earthenware vessel is lowered 
into the well by means of a cord, and when filled 
is dmwn up smartly by a labourer seizing the cord 
and running off in a straight line until he brings 
the vessel to the surface. The trade in the oil 
thus obtained was at one time so extensive that 
ships were specially built for carrying it in bulk. 
Seneca oil, so called after the tribe of North 
American Indians who discovered its merits as 
an application to cuts, bruises and bums, and sup- 
plied the market with it, was nothing else than 
petroleum collected from the surface of pools and 
purified in the simplest way. 

The petroleum trade of the United States, which 
has obtained such gigantic dimensions, is of very 
recent origin. Prior to the year 1859, the petro- 
leum springs which existed in various quarters were 
mainly regarded as natural curiosities. Persons 
who had learned from the Indians the medicinal 
properties of the oil, collected small quantities of it 
by spreading blankets on the surface of the springs. 
On being wrung from the blankets the oil was 
bottled and added to the household stores. In the 
year named, Mr. E. L. Drake, of Titusville, Penn- 
sylvania, saw his way to a trade in oil, and sought 
to improve the supply by boring. Like other 
pioneers he was x'egai'ded as a dreamer, and people 
laughed at the idea of tapping a subterranean oil 
lake. It was only by alleging that he was in 
search of a bed of salt that he was able to get 
drillers to work for him. When the bore had 
reached a depth of about seventy feet, Mr. Drake 
found his anticipations realised, and he was the 
possessor of an oil well which, with the aid of a 
hand-pump, yielded twenty-five bari'els per day. 
It was difficult then to find purchasers for such a 
quantity of petroleum, as the value of the article 
had not yet been appreciated. But in the course 
of a little time purchasers were found not only 
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for the produce of Mr. Drake’s well, but for 
that of thousands of others in various parts of 
the United States and Canada. Some idea of 
the extent of the trade may be obtained from 
the fact that, in 1883, the Baku wells produced 
5,000,000 barrels, bringing the total production of 
the world up to 35,000,000 barrels — of 40 gallons 
each. The carriage of the oil by rail being con- 
sidered a drawback by the Pennsylvanian well- 
owners, they have constructed lines of pipes leading 
to the various ports, and through these the oil flows 
by gravitation. By this and other means the cost of 
the article has been reduced considerably. A dollar 


per barrel of forty gallons is considered a fair 
price for crude oil ; but it has been down to nearly 
half that sum. 

As there is no source from which the wells can 
be replenished, they cease to yield after a time, the 
period being determined by the extent of the 
accumulation of oil that has been tapped. Many 
of the most famous wells are now dry, but fresh 
ones are continually being sunk, so that the supply 
is kept up. It is rather soon to speak of the com- 
plete exhaustion of the petroleum deposits ; but 
that it will come about some day is inevitable, and 
probably long before the coal-beds are worked out. 


THE EARTH’S TREELESS REGIONS. 


By Prof. J. D. Whitney, Cambridge, Massachusetts. 


T he earth’s surface presents itself for study and 
observation with a wonderful variety of form 
and character. In the first place we find, as we 
travel over it, that we have to accustom ourselves 
to gi'eat changes of temperature; the range — as 


measured by the Fahrenheit thermometer — ^to which 
the ti-aveller may be exposed, between the burn- 
ing sands of the Desert of Sahara and the regions 
of the frozen north, being as much as 200 degrees. 
Even to one remaining on the same spot, it may, 



Fig. l.->CACTni COUNTST, Abxeohi. {After 8 choU ») 
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as the seasons vary, reach fully three-fourths of 
that amount. The most rapid change of climate 
may, however, be made by rising or descending in 
altitude. A few hours’ climb will carry the tra- 
veller from a tropical heat to eternal snow and ice. 
The change from a very moist to an exceedingly dry 
climate is another familiar experience of every 
I)erson who has given a moderately wide range to 
his joumeyings. 


The form of the surface depends chiefly on the 
character of the underlying rocks, and the diversi- 
ties of condition to which these have been subjected 
during the lapse of the geological periods. Rocks, 
however, both in form and character, repeat them- 
selves all over the world. The most skilful geologist 
could not, if dropped at random anywhere on the 
earth’s surface, place himself, or make out approxi- 
mately in what region he was, from an examination 



Fig. 2.~'Eirci]iPMEi7T ON the Pl^ns, Western Lnited States (near Fort Hall). 


Diversity of surface is another and an important 
element in the sum-total of impressions made upon 
the mind as any particular region of country is 
looked upon by even the least reflective traveller. 
The manifold varieties of form whi^jh exhibit them- 
selves in plain, valley, gorge, cliff, and precipice, 
make up one of the essential elements of what we 
call the landscape. Tliese varieties of surface may 
exist in any latitude ; but their whole character is 
liable to be profoundly modified by climate, which 
not only manifests itself to our feelings, but in- 
fluences the whole character of vegetable as well as 
of animal life, although the latter does not form 
properiy a part of the landscape itselfl 


of the rocks alone. If these, however, contained 
fossils, he might, in many cases, be essentially aided 
in his endeavour to ascertain his whereabouts by 
their study ; for although there is a wonderful re- 
semblance, in not a few instances, between the extinct 
faunas of different regions, this resemblance rarely 
amounts to identity. Moreover, such an investigation 
of the fossil forms of any district necessarily presup- 
poses search beneath the surface, while our object, at 
the present time, is only to consider what is above it 
The flora of any region is, or might be, to the 
botanist who was thoroughly familiar with the 
vegetation of the entire earth, almost an infallible 
guide in such a case as has here been presupposed. 
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We might imagine a person to have made himself 
so well acquainted, by study in the herbarium 
alone, with the difterent plants growing over the 
earth’s surface, that he would, in a general way, if 
set down anywhere on it, give a very good guess as 
to his whereabouts. No geologist, however, would 
succeed in doing this, or in making any approach 
to it, from a study of the I'ocks alone, no matter 
how minute his preparatory studies might have 
been. Nor would the simple topographer fare 
better in this respect, for surface forms and con- 
tours i*epeat themselves indefinitely ; and although 
it is true that in no two places they are exactly 
alike, yet there is no such method and harmony in 
the grouj^ing of 'topogmphic details that any par- 
ticular form could be assigned to any particular 
I'egion. The inference fi’om this is, that however 
imiK)iiiant form of surface may be, as giving 
character to the scenery, yet the vegetation with 
which that surface is clothed is really the most 
essential feature in the complex of ideas which goes 
to make up what we call the landscape. 

It is of one particular form of surface, and of the 
vegetation which is more or less peculiar to that 
form, to which the reader’s attention is to be called 
at the present time. The more nearly level portions 
of the earth, and the kind of floi*a which these 
exhibit in various countries, are to be studied for 
the purjx)se of finding where they are situated, 
what has been theii* origin, and how their topo- 
graphical features and climatological conditions are 
connected, in a general way, with the character of 
the vegetation with which they ara clothed. 

We have not far to look before discovering that 
comparatively level regions, distinguished by pecu- 
liarities of vegetable growth, are of common and 
wide-spread occurrence over the various land-masses 
of the earth. It appears also that a number of 
terms designating these peculiar areas are in general 
use, and that there is no sharp line to be drawn 
between them. To a certain extent, however, we 
do use, in speaking of these level areas, the same 
term which the people themselves employ who live 
in the region we mean to designate. Thus we 
speak of the steppes of Asia, the pami)as of Central 
South America, or the llanos of the northern por- 
tion of the same country, because the inhabitants 
of those regions themselves use those words as 
indicating the peculiar features of the surface in 
question. Yet some of these terms, esj^ecially the 
word steppe^ which is the German modification of 
the Russian word atej}* is frequently applied to 
* German* die Steppe. 


other regions than that of Northern and Western 
Asia, whera it properly belongs. Thus we often 
read, in works of physical geography, of the steppes 
of Western North America, while some of the terms 
which belong to this category are applied quite 
vaguely, and somewhat differently, by different 
writer's. It will be well, therefore, to pass in rapid 
r’eview the more important level areas of the world 
which have certain features of vegetation in com- 
mon, and to indicate their peculiarities, giving the 
names by which these areas are known to the 
inhabitants, and endeavouring to show what com- 
bination of conditions is indicated, in each case, by 
the name in question, and how far such terms may 
with propriety be used in other regions of generally 
similar character. 

We may, however, in the fir'st place, allude to 
what may be called the essential feature — especially 
from the botanical point of view — of the ai'eas in 
question, namely, the entire, or almost entire, 
absence of trees upon them. This is the important 
fact which the observer, or the physical geographer, 
has in mind when speaking of steppe or pampa. 
But it must be borne in mind that absence of 
arboreal vegetation does not, by any means, neces- 
sarily imply absence of all vegetation, or even that 
other forms of vegetable life than those of forast 
trees may not be present in abundance and in great 
variety. 

We may begin oxir studies with the steppes of 
Asia, since these are the grandest of all in extent, 
and perhaps the most varied in character ; for not 
only are the vast areas of that nearly level and tree- 
less country, which lie along the northern and north- 
western side of all the great central elevated mass 
of that continent, commonly designated as steppe, 
but a large part of that central region itself is 
described under that name by recent eminent geo- 
graphical authorities, so that we may include in the 
various forms of steppe existing in Russia and 
Central Asia the grass-covered plains of the lower 
regions and the almost entirely barren valleys lying 
between the various mountain ranges which are 
piled up over so large a portion of High AsicL 
Absence of trees is the essential feature in both 
the “steppe” and the “high steppe,” as these 
regions have been, and may perhaps with propriety 
be designated ; but the lower regions are in large 
part well covered with grass, and suitable for occu- 
pation by a pastoral people, dependent chiefly for 
the means of sustenance on their flocks and herds, 
while the higher valleys are almost uninhabitable, 
very sparsely covered with a shrubby vegetation. 
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and both too cold and too dry to offer any attrac- 
tions except to the adventurous geographical ex- 
plorer, who has still much to accomplish on the 
great central plateau of High Asia before its topo- 
graphy and natural history will have been anything 
like satisfactorily made out, even in their most 
general features. The vastness of the area which 
may be designated as steppe on the Asiatic conti- 
nent is almost overwhelming. Nearly half of the 
18,000,000 square miles which Asia covers is essen- 
tially a treeless region, and perhaps a half of that 
half belongs to the high steppe division, in which 
cold and dryness are the predominant characteristics. 

From the fact that the steppes of Russian Asia 
have been longer known and more written about 
than any others in the world, the term steppe 
has been most ordinarily applied to similar areas 
in other countries. This is especially the case bci- 
cause such a use of the word has been sanctioned 
by Humboldt, who was the first to draw popular 
attention to this variety of surface as a feature of 
impoitance in physical geography. 

In North America, where the treeless regions 
occupy so large an area, and where many of the 
physical conditions so closely resemble those pre- 
vailing on the Asiatic continent, the use of the 
term stepj)e has never been introduced among the 
l)eople. Here, in fact, the character of the surface 
and distribution of vegetation over it, as well as its 
climatological peculiarities, have all been more 
satisfactorily and fully made out than in Asia, in 
spite of the fact that the latter country has been so 
much longer an object of scientific study. We 
may therefore dwell somewhat more at length on 
the treeless regions of the American continent than 
we have done on those of the Old World. 

As in the case of the Asiatic High Plateau, so 
in North America, we have an elevated region of 
great extent, intersected by numerous mountain 
ranges rising much above the general level of the 
plateau itself. In Asia this high region is centrally 
situated with reference to the continental mass ; 
but in Norih America it occupies the western side 
of the continent, and on the Pacific side descends 
suddenly and rapidly to the ocean level. In ap- 
proaching this high, mountainous division of the 
continent from the east, the traveller passes over a 
surface which appears to the eye to be almost 
everywhere level and unbroken, but which really 
rises with a very gentle but gradually increasing 
slope to the base of the Rocky Mountains, where 
the elevation is nearly a mile above the sea-level. 
This gently -sloping belt has a width of more than 


five hundred miles, and extends from Mexico north 
through the whole continent to the Arctic Ocean. 
It forms the region universally known in the 
United States as “ the Plains” (Fig. 2). It is an area 
nearly destitute of trees, but covered with a growth 
of various grasses, dense and abundant in the lower 
regions, and gradually l)ecoming less so as we rise 
in altitude, but nowhere absent altogether. The 
trees, chiefly of the poplar family, and familiarly 
known as ^‘cottonwoods,” are hardly found at all, 
except along the edges of the streams, and they 
become less and less abundant as we proceed west- 
ward. This is the region so extensively ranged 
over by herds of “buffalo” {Biaou Americanm\ 
which not long ago existed in almost countless 
numbers, but which are fiist disapi^earing as the 
country becomes more and more invaded by 
railroads, carrying hunters who seem bent on 
exterminating ev(‘ry kind of game which jiresents 
itself. 

Beyond the Rocky Mountains, and between that 
range and the Sierra Nevada, is a belt of country 
in the central part of the territory of the United 
States which is more than a thousand miles in width, 
a large portion of which is without drainage to the 
sea, and is known as “the Great Basin.” From 
the predominance over much of its surface of a 
shrubby plant familiarly called “ sage-brush ” — a 
species of Artemisia, or wormwood — the region is 
frequently designated by its inhabitants as the 
“ sage-brush country ” (Fig. 3). The valleys of the 
Great Basin are not suited for pasturage, except to a 
very limited extent. “ Bunch-grasses,” * of which 
Poa tenuifolia is one of the most abundant and 
valuable, are sparsely scattered over the lower hill- 
sides, and along the river banks there is often 
a coarse gi’owth of sedge-grasses, with a few 
cottonwoods and shrubby willows. The sage-brush 
country as it continues to the south-west, towards 
Mexican territory, becomes more and more occu- 
pied with various forms of the Cartas family, some 
of which have the altitude of trees, and give rise to 
the most curious type of landsca]>e (Figs. 1, 5). 

Between the Rocky Mountains and the Great 
Basin there is, included within the parallels of 36° 
and 44", and lying chiefly in the states or territories 
of Colorado, Wyoming, and Utah, a broad belt of 
country greatly diversified by mountain i*anges, and 
very dry and forbidding, although having a drainage 
to the sea. A large part of this region is underlain 

* This term is applied to many grasses. The species noted 
in British Columbia and the neighbouring pai-ts of Washington 
territory for its fattening qualities is Elynius condentatus, . 
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by fresh-water Tertiary deposits, and belongs to the 
type of country known throughout the Far West as 
the Mauvaises Terres,’^ or “ Bad Lands” (Fig. 4). 
The typical Bad Lands are, however, on the eastern 
side of the Rocky Mountains, and are largely de- 
veloped along the various branches running into 
the Missouri River from the south-west, within the 
limits of the territory of Dakota. The Tertiary 
rocks of the Bad Lands ai’e soft and permeable to 


been long known as the Parks,” a name peculiar 
to this region, and which seems to have had its 
origin in the fancy of the early hunters, by whom 
also the smaller treeless plains, scattered here and 
there through the mountains, are designated as 
« Holes.” 

Between the sage-brush-covered valleys of the 
Great Basin rise numerous ranges of mountains, on 
the summits of which snow is usually to be found 




Pig. 3.— Saos-Bbuse Countrt, Nevada. 


water; and, being very easily eroded away, they have 
been worn into forms of the most striking and even 
picturesque character, although the general aspect 
of these I'egions is one of utter sterility, a condition 
resulting partly from the nature of the rock forma- 
tions, and partly from the general extreme diyness 
of the climate. 

Immediately upon the very backbone of the 
country, within the area occupied by the ranges 
properly designated as the Rocky Mountains, there 
are several broad and nearly level tracts, formerly 
the beds of lakes, which have become dry during 
later Tertiary times, and which are almost entirely 
destitute of arboreal vegetation. Tliese areas have 


through the whole summer, lying in small patches 
in sheltered gorges, near the very highest points. 
None of these ranges rise high enough to have 
what may be properly called a line of perpetual 
snow. The lower slopes of these mountains are 
usually quite destitute of trees, which, however, 
make their appearance on the higher ranges as we 
rise toward their summits, the juniper and the one- 
leaved pine being the predominating species : the 
whole aspect of the vegetation, both of mountain 
and valley, being extremely monotonous, while the 
topographic features of the country are varied and 
even attractive from the brilliancy and beauty of 
thei atmospheric effects, which are connected in their 
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origin with the prevailing diyness, and which, at 
certain times, especially at sunrise and sunset, 
seem almost to glorify a region otherwise repellant 
in character. 

Next to Asia and North America, the southern 
division of the New World demands our attention 
for the great extent of its level and treeless areas, 
BO well known from the picturesqiie descriptions 


designated as “ campos ; ” and as “ pampas ” in 
Peru, and especially in the central region lying 
between Brazil and Patagonia, and mostly included 
within the territory of the Argentine Confederation. 
The Spanish word “llano” is almost exactly the 
equivalent of the English “ plain,” the idea of 
flatness being the predominant one in both cases. 
“ Campo ” is the equivalent of the Latin “campus.” 



Fig. 4 .— ‘*Bad Lands, ’ near Fort Bridoer, United States. 


given by Humboldt. In {X)int of fact, however, we 
understand less of the conditions in that part of 
the world than would be supjwsed, when the num- 
ber of travellers who have visited it is taken into 
consideration The absence of good maps, and of 
statistics of climate kept up for any considerable 
length of time, gives a very fragmentary character 
to most of the physical ^geographical work which 
has been done in South America. In the absence 
of facts, theories have been promulgated which will 
hardly bear the test of examination. 

The treeless areas of that country are known by 
various names. Tlieyare called “llanos” in the 
regions north of the equator, where they lie chiefly 
within the limits of Venezuela ; in Brazil they are 

209 


But “ pampa ” api^ars to be a word which origi- 
nated in some one of the South American aboriginal 
lang\iages. It is applied in Peru to the regions of 
moving sand-dunes along the coast, but not to the 
treeless sloj^es of the Andes. 

The llanos of South America are described by 
Humboldt as extending fi'om the Caracctis coast 
chain to the foi-ests of Guiana, and from the snowy 
mountains of Merida to the gi*eat d(dta formed by 
the Orinoco at its mouth, embmcing an area of a 
quarter of a million of square miles. According to 
official determination, nearly two-thirds of Vene- 
zuela is “llano,” or grassy plain, the prevailing 
vegetation belonging to the two orders of Cypera- 
ceae and Gramineae. A large pari of the surface 
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is described by Humboldt^ as well as by Codazzi, 
by whom it was officially surveyed for the Govern- 
ment, as being extraordinarily flat ; so much so, 
indeed, that over areas of several hundred square 
miles “ no part seems to be a foot higher than the 
rest.” The soil over large tracts is described as 
being absolutely destitute of even the smallest 
pebble. The region of the llanos is one of large 
rainfall, but the precipitation is very irregularly 
distributed through the yoar, it being entirely con- 
fined to the so-called rainy season. Humboldt 
describes with poetic fervour the awakening of the 
vegetation to renewed life under the influence of 
the welcome rain. 

The pampas occupy a much larger area than the 
llanos, and are, as stated by recent travellers, of 
a considembly diversified character. The whole 
region commonly included within the designation 
of pampa by physical geographers, extends over 
more than a million of square miles. Some of this 
is gi^issy plain, well fitted for jmstoral uses ; a 
poriion farther to the north, where dryness is a 
more predominant characteristic, is a barren waste, 
the soil being thoroughly impregnated with saline 
matter, evidently the bed of one or more former 
lakes. Flatness, absence of trees, abundant 
development of gi’asses in the moister portions, 
these ai*e the characteristics of the region of the 
pampas, just as we have seen that they were of the 
steppe and the plains. 

Before proceeding to a discussion of the causes 
of the peculiar condition of the surface indicated 
by the term steppe and the other nearly equivalent 
words, it may l>e noticed that it seems necessary 
that the two features of comparative flatness of 
surface and absence of trees should be present at 
the same time, in order to give rise to so marked 
a type of landscape as to call for a special name. 
There are large treehjss areas on the slopes of 
mountains, although the occurrence is not a common 
one ; but there is no s|»ecial term by which such 
areas may be designated, and it is evident that 
they could not be included under any of the terms 
which have been mentioned. It must also be 
admitted that level tracts of country are much 
more likely to be barren of arboreal vegetation than 
are mountain slopes or regions with broken surface. 
For this fact there must be some reason, and we 
may now proceed to inquire what it is. 

Before going any further, however, it will be 
well to notice in general what physical causes 
influence the character and development of vege- 
tation. And it requires but a limited amount of 


observation before it will be clearly perceived that 
variations of tem}>erature and in the quantity of 
moisture in the atmosphere have the most powerful 
influence on the flora of any region. In the case 
of temperature we see this almost equally well 
illustrated, whether we journey toward the Polar 
regions, or rise on the sides of lofty mountains, the 
decrease of temperature manifesting itself, in either 
case, in a most marked degree, by corresponding 
changes in the vegetation. The forest trees which 
are recognised as typical of warm climates disappear; 
those characteristic of colder regions make their 
appearance : these become more sj)arsely distributed, 
and dwarfed in size, and finally give out alto- 
gether ; some grasses and flowering plants maintain 
their hold up to still higher and colder latitudes ; 
and finally all these disai)2)ear, and only the lichens 
I’emain, of which no land, however far north it may 
lie, has ever been found entirely destitute. Of 
a similar character is the decline of vegetation 
as we ascend the slof^es of high mountaina Trees 
finally disappear ; grasses and flowering plants 
higher up do the same, and the lichens maintain 
their hold to the last, and often until the line of 
eternal snow is reached. That these effects are 
mainly due to temj)erature changes seems altogether 
probable, since tliere is abundant evidence tlmt 
differences in the distribution of moisture are not 
here to be considered as the efficient agent in the 
matter. 

That the presence or absence of moisture has a 
gi*eat influence in determining the character of 
vegetation cannot be denied ; and that the distri- 
bution of foi*ests over the earth^s surface is largely 
connected with the amount of luin-fall in different 
regions, is beyond a doubt. An inspection of a 
rain-chart of the earth, and a comparison of the 
position of the rainless and drier ai’eas with that of 
the belts or tracts destitute of trees, will be suffi- 
cient to show at once that, in a general way, 
regions where the rain-fall is deficient are those 
where trees are least developed ; and also that a 
vigorous growth of grasses may be found where the 
preciiiitation is quite moderate in amount. 

That the desert regions of the world are the 
rainless ones cannot for a moment be doubted. 
Absolute deserts, however, if by the term desert is 
meant a region entirely destitute of vegetation, ai*e 
not by any means of frequent occurrence; and 
when such tracts do occur they rarely extend over 
large areas. The amount of desert on the earth is 
exceedingly small when compared with that of the 
region to which the name steppe may properly be 
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applied. Moving sands form the surface least 
favourable to vegetation ; for even a rock surface 
entirely destitute of soil may be more or less en- 
crusted with lichens. Hence the fact that a con- 
siderable portion of the Sahara is underlain with a 
sandstone which easily disintegrates on weathering, 
giving rise to great masses of pure sand, is 
regarded as one of the reasons for the utter 
barrenness of such large areas in Northern Africa. 

Since moisture is essential to the vigorous 
growth of trees, so that very dry regions are, as a 
general rule, not covered with forests, it will not 
ba difficult to understand why treeless areas are 
umally found in the interior of continental masses, 
as is so well illustrated by the position of the 
plains of Noiiih America, and that of the pampas 
and llanos of the southern division of the New 
World. Tlie edges of the continents are the regions 
where the larger portion of the rainfall on the land 
takes place. To tliis rule there are but few excep- 
tions ; the most striking one is the existence of a 
minless belt along a considerable part of the west 
coast of South America, a condition of things de- 
pending on the position of the chain of the Andes 
in that region with reference to the trade-winds. 

But it is now necessary to proceed one step 
farther, and show how it is that level areas are so 
apt to be treeless, and thus to account for the co- 
existence, in so many cases, of flatness of surface 
and absence of arboreal vegetation. 

To explain this, it will be necessary to allude to 
another feature of the North American landscape, 
not yet mentioned, about which much has been 
written, and but little correctly stated. Writers 
thus far have, almost without exception, confounded 
the prairies with the plains in discussing the 
physical geography of that continent. In point of 
fact, however, there is a very great difierence 
between the two. The word prairie was originally 
introduced and used in describing the geography of 
the valley of the Mississippi by French travellers 
and missionaries. Hennepin, writing about 1680, 
describes the prairies of Illinois, and defines them 
with care and accui’acy. The word itself, as used 
in France, is almost exactly the equivalent of the 
English meadow,” meaning a level area covered 
with grass. It is a term now current in the 
United States only as applied to the treeless tracts 
in the immediate vicinity of the Mississippi River, 
and lying chiefly within the boundaries of the 
States of Wisconsin, Illinois, Iowa, Missouri, and 
Arkansas. The prairies in these States are areas 
covered with a vigorous growtli of various grasses, 


intmpmted with numerous flowering plants, but 
destitute of trees. All through the prairie regions, 
however, there are tracts covered with a dense 
growth of “timber,” as forests are universally 
called in the United States. This timber seems, 
at first sight, to be quite arbitrarily arranged with 
reference to the treeless areas. Sometimes the 
trees occupy large tracts on the higher portions of 
the country ; at other times, and indeed much 
more generally, they line the sides of the “ blufifs,” 
which extend along the river courses, although not 
in close proximity to them. These bluffs are the 
steeper transitional areas between the nearly level 
or gently undulating uplands, which form the 
larger part of the surface of the country all through 
the prairie regions, and the “river bottoms,” or 
quite flat land bordering the streams. Although 
the relative j)osition of the tracts occupied by 
timber and grass may seem quite arbitrary, such is 
not by any means the case. The reason of this 
distribution becomes evident enough when one ex- 
amines with care the character of the soil of the 
region. Tlie trees are invariably found to be 
growing on the gravelly or coarser varieties of soil, 
while that which underlays the prairies themselves 
is exceedingly fine — so much so, indeed, that it 
polishes the implements which are used in its culti- 
vation instead of scratching them. This extremely 
fine soil, which is, beyond a doubt, unfavourable to 
the growth of trees, is in places the result of the 
filling up of old lake-basins with fine sediment; 
but, in the true prairie region, more often the resi- 
duum left after the dissolving away of the soft, 
easily decomposed rocks which underlay the whole 
region in nearly horizontal beds. This residuum, 
which is almost impalpably fine, seems to have 
been swept into the basin in which the rocks were 
being deposited by marine currents coming from a 
great distance, and therefore bringing only the 
most finely comminuted material. 

On some lines of railroad running west from 
Chicago, on which cuts of a few feet in depth are 
quite frequent, so that the character of the soil can 
be easily recognised, and esj>ecially within the first 
few yeara after the building of tl\e roads, the vary- 
ing character of the vegetation, as one passed from 
timbered to grass-covered areas, could easily be 
recognised, in almost every instance, as being 
accompanied by a corresponding change in the 
texture of the soil. In a great majority of cases 
one might tell by simple feeling of the soil, with 
the eyes shut, whether the surface was occupied 
by forest or by prairia 
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The peculiar position of the pmirie belt with fall. On the contrary, the precipitation over some 

refei'ence to the treeless region a little farther of the very best developed prairie areas is large, 

west, where, beyond question, absence of sufficient much larger, in fact, than it is over the principal 

moisture is the prime cause of the giving out of portion of the foi'est-covered region of the Eastern 

the trees, has naturally led physical geographers, not States. 

fully acquainted with the facts, to assert i)ositively The theory advocated of late by some physical 
that the prairies arc but the beginning of the geographers, and especially by Peschel, for the 

plains, and that the origin of both was due to the absence of trees over extensive regions of the earth, 



Fig. 5 .— Cactus Countet, Abizona. {AJter Schott.) 


same cause. A less reasonable theory even than is to the effect that it is not the want of a sufficient 
this has been and is still frequently advocated by quantity of rain, taking the average for the wdiole 
rtjsidents of the prairie region, as well as by others, year, but its unequal distribution at different 
namely, that the j)raiiies are the result of the seasons. In this way the attfunpt has been iruule 
buiming over of the surface by the aboriginal to account for the existence of tJie North American 
inhabitants. This theory is entirely opposed to all pmiries. The most careful examination of the 
the facts, and it is quite unnecessary to occupy rainfall statistics proves, however, that in the region 
space in refuting it. in question there is no such irregularity of pre- 

The nietcorok>gical records which have been kept cipitation as this theory demands. The distribu- 
for a considembhj term of yeiii'S at numerous tion, through tlie year, of the rainfall in the prairie 
stations in the })niirie njgion, cliiofly under the States is in no respect different from what it is along 
direction of the Smithsonian Institution, authorise the Atlantic border, where forests are of universal 
the assertion, with no possibility of any contradiction occurrence. Beside^?, it is a fatal objection to this 
based on facts, that the ])rairies are not de]^>endent theory, that there are regions most densely covered 
for their existence on the absence of sufficient rain- with forests, where the rainfall is as irregular as 
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possible, whether considered from the point of view 
of the annual average, or of the distribution by 
seasons. Thus in California, along the western 
slope of the Sierra Nevada, forests exist which can 
hardly be surpassed anywhere in the world in 
density and absolute size of the individual trees, 
and yet there the precipitation is almost entirely 
limited to two or three months of the year, hardly 
a drop of rain ever falling during the months from 
May to November. 

It is a fact, therefore, that the character of the 
soil has a powerful influence on the growth and 
character of the vegetation, as well as temperature 


and moisture. Wherever, for any reason, the soil 
is of especially fine texture, there grasses will 
flourish in preference to forests, provided the rain- 
fall be not entirely insufficient. Hence we see at 
once why plains are more likely than mountain 
slopes to be treeless. It is toward the plains that 
the finer materials, abraded by erosion and denuding 
agencies fi’om the higher regions, are being con- 
stantly carried, as they have been in former geo- 
logical ages. The bi'oader the plain, the more 
likely it is that a considerable portion of it will be 
covered with fine detritus, whether this be of 
subaerial origin or deposited at the bottom of the sea. 


WEATHER FORECASTS. 

By W. Liscombe Dallas, Meteorological Office, Calcutta. 


E very one knows, either from actual experience 
or from hearsay, how differently different 
animals are affected by forthcoming changes of 
weather; and even as much as 2,000 years ago, the 
numerous changes in their habits which animals 
exhibit on the approach of rain were codified by 
the Greek poet and philosopher, in a poem called 
“ The Phenomena.” The low flight of the swallow, 
the peculiar washing which the cat gives to the 
back of its ears, and the donkey^s shaking of its 
ea.rs when rain threatens, all prove that these 
creatui*es ai*e each a species of natural barometer. 
Such indications, however, are of very little 
general utility. It is impossible to be always 
accompanied by these natural weather-guides, and 
it is remarkable that shepherds and sailors, 
whose power of foretelling the weather is often 
very remarkable, only possess that faculty within 
certain well-defined limits, and that so soon as they 
are transferred to another scene their forecasts 
generally prove utter failures. It thus becomes 
necessary —more particularly for the inhabitant of 
the city, who has no distant range of hills or 
expanse of open country to act as his guide — that 
another process should be discovered by means of 
which some indication may be given of approach- 
ing changes in the weather. 

Subtracting, then, the above class, which may be 
called natural forecasts, and which are generally 
impracticable and, except locally, useless, the student 
of weather has three courses open to him, and as a 
result there exists the usual difference of opinion 
which accompanies that open condition of affairs. 


The first and by far the easiest plan of gaining a 
previous acquaintance with the approaching seasons 
is, if only there be faith enough to believe in it, 
to buy one of the almanacks which are annually 
published in the autumn, and which give, day 
by day, the weather which "will prevail during 
the coming year. These almanacks give no sort of 
announcement as to the part of the country to 
which they refer, so that it is not unfair to assume 
that the forecast ai)plies equally to the north of 
Scotland and the south of England. Could any- 
thing be more absurd? Yet so great is the desire 
on the part of the public to have a forecast, so 
intimately is the weather bound up in the 
affairs of every class of the community, that a 
lucky hit will make an almanack’s reputation, and 
send its sale up to tens of thousands. The most 
prominent of these almanacks is probably that 
called “ Murphy’s.” It was, I believe, the first 
weather almanack published, and as such attracted 
universal attention — a distinction which its early 
success more than justified. All the newspapers 
of the time contained notices of it, and in a 
leading journal, of Oct. 23rd, 1836, it was re- 
marked that “if the basis of his theory prove 
sound, and its principles be sanctioned by a more 
extended experience, it is not too much to say that 
the importance of the discovery is equal to that of 
longitude.” However, at that period meteorological 
science was very vague, and hence this almanack 
was ushered in with considerable ^claL It appears 
that by some means Mr. Murphy had predicted, 
on Oct. 28th, 1836, that a tremendous storm 



134 


SCIENCE FOR ALL. 


wind and rain would occur on Nov. 13th. This 
prediction seeuis to have been completely fulfilled, 
and on the occasion of tlie second appearance of 
the almanack, the success of its January forecast 
of intense frost with a few days of changeable 
weather was brought into remarkable notice by 
the fact that at this time the Royal Exchange was 
burnt down, and the water which was used to 
extinguish the flames was frozen into an immense 
sheet as it flowed away. This standard of success 
was not, however, maintained. Encouraged by 
his first successes, Mr. Murphy rushed recklessly 
into the uncertainties of weather-proiihesying, and 
of course soon lost the confidence which his first 
lucky hits had insjared. By 1840 failure was 
admitted, and a bitter complaint made by the 
meteorological seer of the falling cflT in his popu- 
larity. He himself affirmed that his predictions were 
founded on the variations in the height of tlie Nile. 

The two remaining systems really deserve con- 
sideration, as they are founded on scientific facts 
deduced from well authenticated physical phe- 
nomena. These two are the forecasts sent over to 
this country by the Xew York Herald Weather 
Bureau, and the foreciists issued by the Meteoro- 
logical Office of Great Britoin. For the American 
forecasts the British public is indebted entirely to 
the enterprise of Mr. Goidon Bennett and the late 
Mr. Jerome Collins, of the Nev) York //eraZc?, who 
was lost in the Jeannette Arctic expedition. 

The merits of this system of warning ai’e very 
considerable, and the Americans had the good 
fortune to stari with the prestige of a very remark- 
able success. On this account, many people now 
regard these warnings as little short of infallible. 
But any one who has taken trouble to verify 
them, or has not ignored all but the successful 
messages, will come to the conclusion that, like all 
the other forecasts that have been placed before the 
British public, there is still much to be desired. 

Whatever may have been thought as to the earlier 
warnings — and it is indubitable that the opinions of 
the English Meteorological Office and of Mr. Ben- 
nett’s staff as to the success of the forecasts of 
1877 and 1878 differ very considerably — there seems 
no question that subsequently great improvement 
was manifested. There were, however, still some 
very notable failures, the weak point in the forecasts 
being plainly shown in the following examples. On 
October 25th, 1880, the newspapers in London 
published this message : — “A dangerous storm is 
crossing north of Lat. 45® ; will arrive on British 
jiiid Norwegian coasts, possibly affecting French 


coasts, between 27th and 29th, attended by south 
strong winds, veering to north-west gales, rain 
and snow, in north low temperatures following. 
Atlantic very stormy.” 

On Dec. 2nd, this message was telegraphed : — 
“A dangerous storm is crossing, and will probably 
arrive on British, Norwegian, and French coasts 
between 5 th and 7 th, preceded and attended by rain 
and snow in north ; south-east backing to north- 
west gales. Atlantic very stormy north of Lat. 
40®.” 

These two messages are in all important details 
identical. In both it is a dangerous storm, and the 
British, Norwegian, and French coasts are to be 
affected; while the first direction and ultimate 
veering of the wind are sufficiently similar to 
warrant the supposition that as nearly as possible 
the same weather is to be expected between the 
27th and 29th October as Ixjtween the 5th and 7th 
of December. Yt^t the published account of the 
weather on those two dates showed an entire 
difference throughout. The first warning was suc- 
cessful, the second a failure. Between the 5th and 
7th a very severe depression did pass across us, and 
fresh to strong gales were experienced on most 
coasts ; while on the occjision of the second warn- 
ing, no wind stronger than 7 (or slight gale) was 
reported all round our coasts. Now, in the latter 
case a seaman, guided by this warning, would have 
been kept in port at least two whole days, and 
have been obliged finally to sail without even the 
satisfaction of knowing that, though he had lost 
time, he had escaped a danger. This brings us to 
one of the principal demerits of the system, viz., 
the uncertainty as to the actual date of arrival — an 
uncertainty which tended to prevent these warnings 
from bcjing of real practical use to the coasting- 
sailor, who, perhaps, with only a voyage of about a 
couple of hundred miles before him, and who, even 
if he were convinced that a storm would surely 
follow the warning, would, in nine cases out of 
ten, trust to its being in the latter half of the 
period warned, and chance arriving at his destina- 
tion tefore the storm could break. In addition to 
this, there was another uncertainty which came out 
very strongly when carefully discussing these 
warnings, namely, as to the direction of the 
wind. In the case quoted above, that of Oct. 27th, 
and which was credited to the Americans as 
a success, hard easterly gales were experienced, 
while the south and south-west winds were not very 
strong, and the north-west gales were conspicuous 
by their absence. 
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The merits of the system are, however, gi*eat, 
and may be briefly summed up, as follows : — Previous 
warning, sometimes as many as four or five days 
beforehand, with general knowledge of intensity. 

Its demerits are : — Uncertainty as to the exact 
date of arrival, direction of wind, and exact 
position of arrival of disturbance. 

These merits and demerits are both explicable 
by the method of obtaining the information on 
which the warnings are based. It appears that 
steamers passing from this country to America have 
been supplied with forms on which to fill up the 
dates of the passage of barometric minima, and of 
gales or hurricanes. These facts being known, the 
rates of progress of such storms as are likely to 
touch the shores of Western Europe are calculated, 
and the warning is telegraphed over to Europe. 
It will readily be understood that from this neces- 
sarily meagre information it must be exceedingly 
difficult to obtain those exact particulai'S which 
are at present so much needed, more especially 
when it is borne in mind that it is by no means 
exceptional for a storm to exhaust itself within the 
limits of the Atlantic, and never reach our coasts 
at all. This fact explains many of the so-called 
failures. 

The Meteorological Office forecasts are identical 
with the foregoing, in so far as they both regard 
cyclonic and anticyclonic action as the basis of all 
weather changes. The general impression that the 
wind blew in a broad band all over the country held 
its ground firmly until a comparativ(ily recent date, 
and it was not until a number of observations were 
taken, on the occasion of the passage of some large 
storms, that it was discovered that a westerly gah^ 
might be blowing in the south of England and an 
easterly gale over Scotland. Further investigations 
showed that in our hemisphere this relation of the 
wind was always observable. Thus, if a storm were 
to pass from west to east across Ireland and north 
England, westerly gales would blow in the south, 
southerly gales in the east, easterly gales in the 
north, and northerly galea in the west. In addi- 
tion to this vorticose circulation of the wind, the 
same observations showed that the weather varied 
nearly as regularly as the wind ; places bearing a 
certain relation to the position and course of one 
storm, experiencing, on the average, the same weather 
with each successive storm travelling in the same 
direction and having the same velocity and intensity. 

In a former paper* the characteristics of and 
differences between the cyclone and anticyclone 

“Weather Telegraphy “Science for All,” Vol. II., p. 367. 


were fully explained, and it is sufficient here to 
say that the former produces generally foul and the 
latter fair weather. The following are the prin- 
ciples on which the forecasts are issued : — It is 
necessary to find out under which condition the 
district lies, to carefully note the position of the 
anticyclone, whether the readings of the barometer 
within it are relatively high or low, and whether 
the anticyclone is comparatively firmly established 
and stationary. If we were to find a large anti- 
cyclone lying over France and extending well 
noi-thward, say over Ireland and the greater part 
of England, it would in nine cases out of ten be 
safe to forecast that light south to west winds 
would prevail over those countries, with fair, dry 
weather ; but remembering how cyclones circulate 
round from west to east on the northern side of an 
area of high pressure, westerly gales and rain 
would be ex^iected in the north of Scotland and 
over Norway. Again, when the anticyclone lies 
farther to the southward, and at the same time a 
little to the eastward, of the position noticed above, 
the depressions pass from south-west to north-east, 
and south-westerly winds with mild rainy weather 
prevail, especially in the west and north ; and the 
fi*equency of this distribution of pressure is ex- 
empliticnl by the mild, moist climate of the western 
and northern districts of the United Kingdom. Such 
is the bare outline of the system on which the 
forecasts ai'e based ; but in dealing with each day 
as it approaches, small iiTegularities, intricacies, and 
modifications are disclosed, which, not affecting 
much the weather for the year, render diurnal and 
district forecasts uncertain in the extreme. An 
example of this uncertainty was given during 
the winter of 1880-1. In the early part of the 
season an area of high pressure, or anticyclone, 
advanced from the southward over the British 
Isles. Now, it has always been a dictum in 
modern meteorology that an anticyclone gives us 
in winter cold, frosty, foggy weather, yet on this 
occasion the weather was decidedly mild, and very 
little fog prevailed. Later on, a change occurred. 
A depression passed down over us from the north- 
ward, and was followed by an ai*ea of high pressure, 
which also had its origin in the more northern 
parts of Europe. This anticyclone, though for 
some time not so marked as the one noticed above, 
yet brought the exceedingly severe cold which pre- 
vailed during January, 1881. It therefore appears 
that it is not sufficient to be aware that an anticy- 
clone lies over a certain district in order to forecast 
its weather, but it is necessary to know tlie direction 
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whence the area approached ; the first-mentioned 
anticyclone having apparently continued, even 
when over us, to draw its supply of air from the 
warmer southern latitudes, while the second brought 
with it the intense cold of its northern birthplace. 

Opinions as to the success of the forecasting 
system are confusing and contradictory. The 
official checking gives about seventy-five per cent, 
of success ; but it is probable that were the fore- 
ca.st 3 checked having regard to only one place and 
not as a district, the i)ercentage would be con- 
siderably less. When it is possible actually to 
connect a place with either the cyclone or the anti- 
cyclone, it may with more or less safety be pre- 
dicted that the weather will be dry or wet accord- 
ing to the dominant system ; but in addition to 
the doubt as to the course the cyclone will travel, 
there is a large neutral groimd in which the two 
systems fight for the mastery, and dim uncertainty 
prevails. 

It must be evident to any one who has at any 
time studied the distribution of atmospheric pres- 
sure, and who consequently must be awaie of the fre- 
quency with which the anticyclone is located in the 
south, and that in consequence the normal passage 
of depressions is from west to east, that our utter 
isolation on our western coasts is an almost im- 
penetrable barrier to all attempts at long-period 
forecasting. To the westward of Valentia stretches 
the Atlantic Ocean, and no appliances at pre^nt 
invented will give us any idea of what is in pro- 


gress 500 miles from our shores — a distance which 
a moderately quickly-travelling depression would 
accomplish in twelve hours. It is on this account 
that the efforts of the Americans deserve so much 
commendation. It is an effort to explore the “dark 
continent ** of storms, though meantime we can only 
regret that its failure in respect to direction of wind 
and actual date of arrival is unavoidable. In 
the case already quoted as a success, the wind was 
almost due east, so that a ship leaving Hull for the 
Baltic, instead of sailing into a south-west gale, 
which would be comparatively favourable, would 
have encountered a hard easterly gale, and be 
driven back on a lee coast. On the 27th the 
Meteorological Office sent out an order to hoist the 
noi-th cone for an east to north-east gale, so that the 
British office may claim to have known much more 
as to the direction of the storm and the wind ; but 
unfortunately the warning was only issued on the 
27th, and the storm broke on the 28th, so that the 
Americans had two clear days’ start. It is plain 
that in some amalgamation of the two plans lies 
the greatest chance of success, and one of the first 
things to be done is to open up the North Atlantic. 
Mr. Symons and other writers have advocated the 
drawing of Atlantic charts, and as observations 
are being daily collected, it may be hoped that in 
time the inhabitants of the British Isles will have 
the sea in their neighbourhood investigated with 
the minuteness and cai*e which the importance of 
the subject deserves.* 


THE PLANET MERCURr. 

By W. F. Denning, F.R.A.S. 


O F all the known planetary members of the 
solar system, Meicury is the nearest to the 
sun, and there is considerable difficulty in observing 
him in consequence. He is always more or less 
immersed in the solar rays, and his dimensions are 
extremely small, so that circumstances combine to 
render him a somewhat unattractive object, and 
one seldom coming within the reach of casual 
observers. 

The discovery of so small a planet, and one in 
connection with which the conditions are so directly 
opposed to successful observation, reflects much 
credit upon the ancient astronomers, who, after they 
had detected Venus, Jupiter, Mars and SatuiTi, 
must have had no small trouble in distinguishing 
Mercury. But no ancient records exist as to the 


facts of the discovery, so that we cannot form any 
idea how long this planet eluded detection, or 
whether it was found simultaneously with the 
brighter planets of the series. Even the name of 
the discoverer has not been preserved. Venus and 
Jupiter would be certain, in the most primitive 
ages, to attract immediate notice as stars of special 
type. Their surpassing brilliancy and proper 
motion in the heavens would cause them to be 
singled out as of distinct character to the host of 
stars presented in the firmament. Mars and Saturn 
must also have lieen noticed as bodies of similar 
nature, after which the nocturnal sky was probably 

* See also “Weather Signs and Weather Changes “Science 
for All,’* Vol. y., p. 84, and “ High Clouds aiul Moonshine s’* 
Vol. V., p. 105. 
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scanned in vain for new orbs during many ensuing 
yeara. No other bodies belonging to the class of 

wandering stars*' could be found, though the 
relative positions of most of the visible stars were 
roughly noted, and afterwards com]:>ared with the 
idea of finding another of these singular objects. 
Amongst the multitude of stara, in their unique 
and infinite variety of grouping, only four bodies 
could at first be distinguished which by their 
motions and conspicuous aspect were proved to be 
of exceptional character. 

But now a new system of observation may have 
been introduced, for it had been proved unavailing 
to search for another planet after darkness had 
fully set in, though this was naturally suggested as 
the time best adapted to the work. It was noticed 
that Venus never departed very far from the sun, 
and that, in fact, she was his constant attendant, 
allowed to recede away from him for a certain 
distance and then to rapidly approach him again. 
If, therefore, another planet existed whose motions 
were controlled similarly to those of Venus, such a 
planet would, if never travelling far from the sun, 
be best discerned in the morning or evening 
twilight above the place where the sun made his 
first or last appearance. An acute observer, 
reasoning thus, stations himself on a commanding 
position, whence he may obtain an uninterrupted 
view of the horizon, and here he begins a sys- 
tematic search for new planets. Before sunrise 
he is there looking eastwards, and marking 
down the positions of the chief stai*s visible at 
low altitudes. After sunset his gaze is directed 
westwards, and the stime method adopted. For 
a long time the process is repeated. Not a 
single op}X)rtunity is neglected. Whenever the 
sky is clear and the twilight showing, the 
observer stands with unfailing persistency at 
his post. Though for a time the search is fruit- [ 
less, yet the feeling of expectation and possible j 
success encourages him to renewed effort, and I 
he determines not to relinquish the task he has 
imposed upon himself until fully i)ersuaded that 
it cannot yield the coveted prize. 

One night he roturns to his work with a 
sense of despondency, and a conviction that it ; 
is hopeless. The sky is remarkably clear as he 
begins, in his accustomed way, to note what stars 
are perceptible upon the horizon. Suddenly 
his eye catches a glimpse of an object which j 
he feels certain could not have been visible ' 
cm the few preceding nights. His enthusiasm 
is fully aroused. There is no fixed star in the 
210 


position he has assigned to the new object, and 
he awaits, how impatiently and anxiously no one 
can tell, the next fine evening to verify his dis- 
covery. The intervening hours are counted, every 
passing cloud is watched, and ultimately, as the 
sun falls to the horizon, our observer takes up his 
place at a much earlier hour than usual. How the 
sun seems to lag that night before his setting : how 
slowly the sky begins to darken after his last rays 
have disappeared ! The observer’s eye is eagerly 
directed towards the point in which the strange 
star of the previous night was situated, and there, 
a little to the westward, it is seen again, and with 
greater plainness than before. Every doubt is now 
disj)elled. This is the object for which ho has been 
waiting so long. His oft-repeated vigils have been 
rewarded by the detection of another orb belonging 
to the order of “ wandering stars.” 

No further discoveries of planets were made 
until the beginning of the seventeenth century, 
when the invention of the telescope effected a 
revolution in observational astronomy. 

Mercury was found to be a very small planet, 
though the accurate determination of its real 
diameter was left to the instruments of modem 
times. Compared with Jupiter and Saturn, this 
planet is, in fact, a most diminutive orb, as shown 
in the following diagram (Fig. 1) : — 



Fig. l.^BelatiTe Dimensions of Merouix and the other Primarj 
Planets. 
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It is situated at a mean distance from tne sun 
of about thirty-five millions of miles, and completes 
a revolution in eighty-eight days. Its apparent 
diameter varies considerably, according to position. 
When the planet is nearest to the earth, at inferior 
conjunction, the disc may subtend an angle of 
13 seconds of arc; but at superior conjunction 
this amounts to no more than 4 ^ seconds. When 
Mercury is situated at that point of its orbit 
a])parently most distant from the sun, it is said to 
reach its greatest elongation, and at such a time is 
occasionally visible as a morning or evening star, 
according as its i^ition is west or east of the sun. 
But even under the most favourable conditions it 
is not above the horizon for a longer period than 
about two hours in the absence of the sun, and 
the distance sepamting the two bodies never ex- 
ceeds 29“. 

This planet has, therefore, received very little 
attention from observers. Its small proportions 
and constant proximity to the sun render it a 
very uninteresting object ; hence it is seldom ex- 
amined in powerful telescopes, so that we have 
little evidence as to what special features are 
presented on its disc. It is, however, questionable 
whether any such dc^tails could be distinguished 
even were the perfected appliances of modern times 
directed to such a pur|K)se. The smallness of the 
object and the constant glare ” attending it must 
obviously prevent good definition, and entirely 
obliterate any faint markings on the disc, so that 
we cannot wonder at the negative results which 
have hitherto attended such observations. Even 
in the case of Venus, which is a much larger 
planet, and far l)etter situated than Mercury, the 
results are of very meagre and doubtful chaiucter, 
and go far to prove that its markings are of the 
faintest possible description, and only to be glimpsed 
in instruments of the first excellence. 

But in regard to observations of Mercury, the 
evidence does not absolutely negative the existence 
of visible markings upon its surface. Indeed, it is 
occasionally recorded that faint spots of unccjrtain 
obaracter have been distinguished. On June 11, 
1867, a spot, with minute lines divei^ng from it 
N.E. and S., was noted a little to the south of the 
planet’s centre, and on Marcli 13, 1870, a large 
white spot api)eared near the east limb ; but these 
seem to have been exceptional, and we have no 
prolonged series of such observations by some ex- 
perienced telescopist which would, no doubt, throw 
considerable light upon the character of these 
markings, and not only furnish us with the means 


of compxiting the rotation period of 'Mercury, but 
possibly give us a clearer insight as to the phenomena 
occurring on its surface ; and such data would be 
of special value in inquiries connected with the 
physical condition of the planet, and give rise to 
some interesting speculations as to the envelope in 
wliich it is presumably surrounded, and the varia- 
tions manifested in it. We would therefore point 
out to observers the desirability of entering . dili- 
gently upon a critical and frequent review of this 
planet, with the purpose of obtaining such materials 
as will conduce to further our knowledge of the 
configuration of its surface. 



Fig. 2. —Mercury as a Crescent. 

Early in the j)re8ent century Schriiter and 
Harding, at Lilienthal, made a number of observa- 
tions of the planet, and obtained results indicating 
that the surfaccj was of mountainous character. Tlie 
south horn (Fig. 2) sometimes api^eared blunted, 
and minute prominences were tmeed upon its edge. 
Other irregularities were observed with sufficient 
distinctiujss to warrant the inferenoe that the 
elevations must reach a height of eleven miles 
j)erpendicuhir, and that the axial rotation was per- 
formed in 24 hours, 5 minutes, 30 seconds. Bessel 
also computed the latter element from five observa- 
tions of Schroter during a period of fourteen months, 
and found 24 hours 53 seconds, which was after- 
wards confirmed. These aj)pear to have been the 
only good d(iterminations ever made of the rotation 
of Mercury, notwithstanding the fact that there 
are now a vast number of t(;l(iscoj>es and observers 
adequat(i to the work. It is to be hoped that more 
attention will be directed to this planet in future 
years, and that its visible aspect will be sedulously 
investigated with competent meana 

Certainly the most interesting detail in the 
telescopic appearance of Mercury is afforded by the 
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pliases of the planet. These were first distinguished 
hy Hortensius in about the year 1630, and are 
visible in small instruments. 

Both Mercury and Venus exhibit all the phases 
of the moon, their orbits being interior to that of 
the earth, and it is evident that these phenomena 


tion the planet is situated precisely between the 
sun and earth, and is then projected as a circular 
dark spot upon the sun. This phenomenon is 
termed a transit (VoL IV., p. 300), and is sometimes 
witnessed with considerable interest. Gassendi, 
at Paris, appears to have been the fii^t to observe 


are the natural result of their varying positions an occurrence of this kind, namely, on November 7, 
relatively to the earth. The planets all shine by 1C31, and since his time they have been commonly 


light reflected from the sun; 
hence it is obvious that when 
either Mercury or Venus 
occupies that part of its 
orbit nearly interposed be- 
tween the sun and the earth — 
called inferior conjunction — 
it will be invisible, or 
visible only as a very narrow 
crescent, because its illumi- 
nated hemisphere is turned 
away from the earth. On the 
other hand, it is equally clear 
that when these planets are at 
the opposite points of their 



orbits, that is to say, nearly behind the sun— called observed whenever the circumstances were favour- 


superior conjunction — they will exhibit discs of able. The duration averages about 4 hours, though 

circular form, inasmuch as the same hemisphere, a transit may extend over 7h. 18m., as on May 7, 

and that illuminated, is presented to the sun and 1799, or be visible only for Ih. 14m., as on Nov. 12, 

earth. But in the latter case, it is obvious that 1782. The following is a complete list of the 

the apparent dimensions of these planets will be transits of Mercury during the present and ensuing 

far less than when viewed as a crcjsceiit at inferior century : — 


conjunction. In fact, their distance from tlie earth 
is grtjater by the diameter of their oi-bits, and this, 
in the case of Mercury, amounts to about 70,000 
miles, and has the effect of enlarging the planet’s 
api)arent dimensions from 4^ seconds to 13 seconds 
as it traverses its path from superior to inferior 
conjunction. When situated about midway be- 
tween these points, and nearest its greatest appa- 
rent elongation from the sun, it appears like the 
moon in her fii*st or last quarters, and is visible 
either as an evening or morning star. 

Results of observation have occasionally shown 
that the proportion of the enlightemjd hemisphere 
is less than that computed. Schroter, who paid 
marked attention both to Mercury and Venus, was 
the first to remark this, and his observations were 


Transits of Nineteenth Century. 
1802. Novemb(3r 9 
1815. November 12 
1822. November 6 
1882. May 5 
1835. November 7 
1845. May 8 
1848. November 9 
18G1. November 12 
1868. November 6 
1878. May 6 
1881. November 8 
1891. May 9 
1894. November 10 


Transits of Twentieth Century. 
1907. November 12 
1914. November 6 
1924. May 7 
1927. Novembers 
1937. May 10 
1940. November 12 
1953. November 13 
1960. November 6 
1970. May 9 
1973. November 9 
1986. November 12 
1999. November 24 


These transits invariably occur in the months of 
May or November, for the following reasons. 
The sun’s apparent annual revolution around the 


subsequently confirmed by Beer and Madler, who 
attempted to explain it on the theory of a dense 
atmosphere enfeebling the light at the terminator. 

The following diagram (Fig. 3) shows the varying 
size and phase of an inferior i)lanet in several posi- 
tions of the orbit. 

It occasionally happens that at inferior conjunc- 


earth carries him through every point of the ecliptic, 
and he must therefore necessarily intersect the orbit 
of M(;rcury at his ascending and descending nodea 
The positions of these are in precisely opposite 
parts of the ecliptic ; hence the sun crosses them at 
six months’ intervals, that is, in May and Novem- 
l>er. In the case of Venus, the months are June 
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and December, and it is only at these special 
periods that transits can possibly occur. Transits of 
Venus are, as we have already seen, of far greater 
rarity and importance than those of Mercury. 

Some curious phenomena have been observed in 
connection with transits of Mercury. One or two 
bright six)ts have been distinguished upon tlie 
oi)aque disc of the planet as it jmsses over the sun, 
and occtisionally a luminous ring has been observed 
to encircle it, which some observers attribute to an 
atmosphere upon Mercury. But the evidence of 
different persons who have witnessed tliese transits, 
and applied powerful telescopic means to the 
detection of such phenomena as are visible during 
their progress, is very contradictory 
as ragards <letails, so that even during ~ 
one and the same transit the results 
are not often compatibla Some 
observers will notice the bright speck 
u[x>n the ojiaque sphere of the planet, 
and express themselves confidently as 
to its existence ; while others, at the 
same time provided with equally good 
eyes and instruments, fail to obtain 
the faintest glimpse of it> though 
close attention may have been directed 
to its detection. The weight of the 
evidence strongly inclines to the view 
that the bright spot is in reality i 
visible, though not always seen with 
equal distinctness, and by all of the I 
observers. Moreover, its position, as *i 
assigned by different estimations, is i' 
not always accordant, and there is a 
difficulty in I'econciling the observa- 
tions. During the transit of May 6, 

1878, some interesting results* were obtained 
at Greenwich, where the weather appears to have 
been more favourable than in many parts of the 
country. Mr. Christie, observing with the great 
equatorial, aperture 12*8 inches, saw ‘‘a minute spot 
very near the centre of the planet’s disc. It was 
slightly diffused, but with a brilliant, star-like 
nucleus. A bright halo of somewhat irregular 
outline, and having a breadth -of 3'' or 4" was seen 
round the planet, with an inner and much brighter 
ring about 1" in breadth.” Dr. Dunkin, using a 
6-inch equatorial, says, “Mercury was intensely 

* “Monthy Notices of the Boyal Astronomical Society,” May, 
1878, which contain several important accounts of the transit. 
Comprehensive memoirs have also been published in L. Niesten’s 
“ Notices Astronomiques ” (1880), and in the Washington Ob- 
servations (1876), Appendix IL 


black, except that I saw distinctly a very minute 
point of light near the centre, a little towards the 
following limb of the planet. After an interval of 
two minutes it became more vividly distinct than 
befora During a few minutes of superb definition, 
the ring or corona of light around Mercury was 
clearly visible, its breadth being about one-third 
that of the planet.” Captain Tupman, also with a 
6-inch telescope, could not detect the slightest trace 
of a permanent white spot within the disc, nor any 
ring, either luminous or shadowy, surrounding the 
planet He was struck with the extreme sharpness 
of tlie planet’s outline. Mr. O. S. Criswick em- 
ployed a similar instrument, and saw “ a ring of 



Fig. 4.— Mercury iu Tmusit acroas the Buxt 


light, equal in breadth to about two-thirds of the 
diameter of the planet, irregularly defined. Two 
bright spots were also seen on Mercury.” Mr. 
Downing (6*7-inch equatorial) saw the bright ring, 
but no spot, on the planet, and Mr. W. 0. Nash 
(6-inch equatorial) could not see either the lumi- 
nous ring or spot (Fig. 4). 

The bright spot is, no doubt, a mere optical 
effect, and is seen under a variety of aspects, in 
different telescopes, and with different eye-pieces. 
The luminous ring, or aureola, of the planet, may 
also, in a great measure, receive a similar explana- 
tion, for no such appearances have ever been ob- 
served, except during transits, when the effect of 
the sun’s “glare” must obviously bring out telescopic 
imperfections, and create luminous appearances 
which arc entirely illusory ; and, in connection with 
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tills part of the subject, it should be borne in mind 
that our own atmosphere, through which all 
celestial phenomena have to be observed, may be 
held responsible for some of the anomalies revealed 
by observation. Moreover, there is the solar 
corona intervening between Mercury and the sun, 
which may possibly have a small share in producing 
the observed eflects. In any case, the descriptions 
are veiy discordant as to details, and go far to 
prove that they are of mere optical character, and 
seen under diflFerent aspects, according to the 
instrument and power employed ; and the manner 
in which an observer interprets and describes the 
features displayed before him seldom agrei^ in two 
cases, for in this, as in all other departments of 
astronomical observation, personal equation” is 
liable to originate differences where none really 
exist 

Though Mercury is often described as an object 
seen with great difficulty and only on rare occa- 
sions, there is no doubt that a person who will 
make special efforts to see the planet will soon 
succeed in his endeavours. He should find the 
position of the planet by a reference to an almanack, 
and then, waiting his opportunity, scan the region 
with an operarglass, or telescope of very low power. 
In this way Mercury may soon be detected, and 
when once found will be observed with less difficulty 
afterwards ; indeed, at the most favourable epochs 
the planet may be readily recognised with the naked 
eye as it hangs over the horizon and shines with 
a white sparkling lustre, exceeding that of any 
fixed stars which may be in the same region. 

In February, 1868, the planet was conspicuously 
and frequently visible in the evening sky, and its 
brightness appeared to rival that of Jupiter, 
situated only a few degrees distant Tlie writer 
also observed the planet after sunset on May 31, 
June 1, 2, 3, and 4, 1875, though the maximum 
elongation did not take place until June 10. In 
May, 1876, a further series of observations* was 
obtained at Bristol, and the weather being more 
than usually clear between the 5th and 28th of that 
month, the planet was detected with the naked eye 
on no less than thirteen nights. On the 13th it 
came within the range of vision at 8h. 20m., and 
continued perceptible until Ih. 20m. ; on the 
19th it was watched from 8h. 32m. to 9h. dSin., 
and the average duration of its visibility as a 
naked eye object was found to be about Ih. 20m. 

* Monthly Notioes of the Royal Astronomical Society,” 
June, 1876. 


between the 10th and 20th. The planet grew 
rapidly fainter every night, though its apparent 
diameter had increased from 5''. 8 on the 5th to 
8". 8 on the 25th; in the meantime, however, the 
phase had decreased considerably, having dwindled 
from a gibbous form to that of a crescent, and had 
BO much enfeebled its lustre as to render it 
nearly invisible, notwithstanding the decided in- 
crease in its diameter. In fact, the rapid loss of 
phase was not nearly compensated for by greater 
dimensions, and this fact should be always borne 
in mind by those who make such observations, for 
evidently the planet is most easily recognised a 
few evenings preceding its greatest eastern elonga- 
tion, and a few mornings a/ter its gi*eatest western 
elongation. Many persons have made vain efforts 
to distinguish Mercury, owing to a lack of appre- 
ciation of all the conditions involved, and havo 
been much disapi>ointed in consequence; but the 
search cannot l)e futile if made at an opportune 
period as regards elongation and phase of the 
planet, and when the sky is sufficiently clear for 
the purj)ose. 

As an evening star, the planet is best detected in 
the spring months, when its declination is north of 
the sun, and it remains above the horizon some 
two hours after sunset In the autumnal months. 
Mercury may be equally well seen in the morning 
twilight, and indeed this is a very favourable 
season for viewing the planet telescopically, because 
it may l)e retained in the field of view until after 
sunrise, and this is important to those not provided 
with equatorially mounted instruments, and who 
have no other ready means of examining the planet 
in the daytime. It is very essential that it should 
be carefully inspected with the sun above the 
horizon, because it cannot otherwise be observed 
at a fair altitude, and it is a fact of common ex- 
perience that a celestial object never presents a 
well-defined appearance near the horizon. The pre- 
valence of mist and heated vapours, floating about 
at low altitudes, originates a tremulous or rippling 
aspect upon any object through which it is seen, 
and altogether destroys that sharp and serene 
appearance which it is always desiral:>le to obtain. 
This will be acknowledged by any one who makes 
comparative obseiwations of objects at high and 
low altitudes. He will not be long in discovering 
that, though to the naked eye a planet is some- 
times very conspicuous just before setting, it 
presents in the telescope a very ill-defined and 
unsatisfactory appearance. 
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THE MIGRATION OF MAMMALS AND FISHES. 

By J. Duns, D.D., F.R.S.E., 

Professor of Natural Science, New College, Edinburgh, 


rpHE title of this paper is familiar almost to 
X commonplace. But the facts which it covers 
suggest some of the most difficult questions in 
natural history. In introducing my subject I fall 
back on the old Socratic method of questioning: 
What is migmtion, and what are the causes which 
regulate it) Are the climatal conditions of the 
localities which, for the time, animals leave, un- 
favourable to the health of the migrating species, 
and, if so, can we co-ordinate the unfavourable 
seasonal conditions in the one area with favourable 
seasonal conditions in the area they visit ? Is the 
migratoiy habit the expression of instinct, innate 
and irresistible, or is it the result of slow secular 
growth within the lines of heredity ? Is there a 
sense in which all animals may be said to migrate 1 
If, as is granted, the range of certain genem was 
far wider in very early historic, or in pre-historic 
time, than that of their modem representatives, 
is there anything in the facts of their present 
geographical distribution fitted to explain this] 
Admitting man as a factor in determining the 
range of certain si>ecies at present, have we 
materials to gauge the influence of society in, 
say, pre-historic time on forms now extinct in 
areas where they once abounded ? In putting the 
questions I have purposely avoided logical sequence. 
They are simply intended to suggest the chief 
aspects of a great subject, which may be conveniently 
illustrated under the heads periodic, seasonal, and 
})artial migrations. 

First, then, there are periodic migi’ations. The 
wandering referred to under this section has not been 
definitely timed. There are cases on record which 
show that six, eleven, thirteen, or eighteen years 
may elai)se between one migration and another. 
I take the northern grey squirrel {Sciurus mvjror- 
torivs) as an illustrative instance of periodic 
migration. Met with as far north as Hudson’s 
Bay, it occurs also in the New England States, in 
the State of New York, and in the mountains of 
Pennsylvania. AudulK)n and Bachman tell us that 
*‘The farmers in the Western wilds regard them with 
sensations which may be compared to the anxious 
a|)prehen8ions of the Eastern natives at the flight 
of the devouring locust” These observers twice 
met them on the march — in 1808 and in 1819. 


They congregate in different parts of the wide 
north-west, and set out in irregular troops, always 
in an easterly dii’ection. Neither mountain, lake, 
nor broad rapid river turns them from their course. 
Waving woods, rich corn-fields, and carefully tended 
gardens are laid waste, where these intervene 
between them and the eastern forests. They 
thoroughly realise Joel’s graphic description of 
another migratory form — “ They march every one 
in his own ways, and they break not their ranks. 
The land is as the garden of Eden before them, 
and behind them a desolate wilderness.” 

The Lemming {Myodea lemmus) is the form most 
commonly referred to as an instance of periodic 
migration (Fig. 1). Olaus Wormius, Pontoppidan, 
Linneeus, Cuvier, and others, early directed atten- 
tion to the {Peculiar migi*atory habit of this animaL 
Wormius says the plague occurs once or twice 
in the course of twenty years.* The account 
given by Linnaeus is well known. He describes 
their heaxllong rush, the rectilinear parallel furrows 
made by them in the way, the havoc produced 
in vegetation, the rocks they climb, the lakes 
and rivers they swim, and their persistence 
in the same undeviating path. Later witnesses 
corroborate these statements, testifying to the 
prodigious numbers which take part in these 
migrations, though there is no proof that all do. 
While, then, bearing in mind that inferences cany 
with them the weight of tl)e facts by which they 
are warranted, we may ask : To what are we to 
trace these periodic movements ] Does food, or 
temperature, or breeding instinct determine the 
migration ] Any value there is in the food theory 
lies in the ascription of a quality to these animals 
akin to forethought. A season of scarcity is seen 
to be on its way, and to avoid it the animals 
migrate. But this is seeking an explanation in a 
region outside of science. Van der Hoeven and 
others lay stress on temperature. But as the 
lemming leaves its usual habitat before the cold 
weather sets in, and esj^ecially as in the years they 

* The monograph of Wormius on the lemming gave currency 
to the prevailing popular belief, that at such periods it Lterally 
rained lemmings: '^Historia muris Norvegici, vel animalis 
quod e nubibus in Norvegia decidit, et sata ao gramina magno 
incolorum detrimento celerrime depascitur.” 
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do not migrate they live through very severe 
winters, little weight can be given to this. Thus Sir 
George Nares’s men met with lemmings in latitude 
83® N., and Sir John Ross saw them at 81® 45' N., 
sixty miles from Spitzbergen. Captain Feilden 
does not think they hibernate, but live on 
saxifrages and other plants under the snow. 
Indeed, we cannot conceive it possible that a 
hibernating animal could, in countless numbei's, 
in this fashion cast itself free, at irregular intervals, 
from the laws which regulate hibernation. The 
breeding theory is as little satisfactory. Were 
there anything in this, the migration would be 
seasonally regular and not irregularly periodic. 
It is doubtful if the facts entitle us to formulate 
a definite opinion, and we may again only indicate 
the direction to which conviction tends by putting 
it in the form of questions. Is this |>eriodic 
migration a natural provisiDn for maintaining the 
balance of living forms 1 Does their rapid, prolific 
increase demand a check, and is this provided by 
these migrations ; it being well known that few 
return to their usual habitats! Have we not 
analogous recent instances in the sudden appearance 
in Fi-ance, England, and Scotland, of myiiads of 
related forms (Arvicola agreatis) 1 

Next, there are seasonal migrations. Out of the 
numerous instances recorded, I take the reindeer 
{Cervm twrandua)^ because it is best known, and 
suggests more ix)ints of interest than any other 
form (Fig. 2), Its present geographical range is 
comparatively limited, but there is abundant proof 
that it was not so in veiy early times. Its 
migrations are two — one in May, towards the 
remote elevated northern plains, the other, or 
return journey, in September, to the forest regions. 
The chief authorities regarding the migratory habits 
of this magnificent deer are Von Wrangel,* Rich- 
ardson,t and Nordenskjbld.J At the migratory 
season they congregate in thousands, and, separat- 
ing into herds of two or three hundred, move 
forward in a mass sometimes from thirty to sixty 
miles broad. In Siberia they follow the same 
route year by year, refusing to be turned aside 
by dangers and obstacles of any sort. That they 
go north to avoid the heat with its accompanying 
insect plagues, and return to the forests in search 
of herbage there can be no doubt. But this sheds 
no light on their foimer wide geographical range — 

* “Narrative of an Expedition to the Polar Seas,” 1820 — 23, 
translated by Col. Sabine (1840). 

t “Fauna Boreali— Americana.” 

j! “Expedition to the Yenissei.^ 


traces of them having been found in England, 
Scotland, Ireland, Belgium, and the south of 
France. The explanation of their present restricted 
range is most likely to be traced to the growth of 
population. But some curious facts on this point 
deserve notice. Not unseldom individuals are 
found much farther south than the general body. 
Assuming that the Caribou is only a variety of 
the European species, we have proof that the 
American reindeer wanders far beyond the limits 
of its old world representative : it even extends as 
far south as Maine. 

Lastly, there are partial migrations, periodic and 
seasonal. In this case the movement is neither 
general nor wide. Individuals, and not great 
companies, take part in it ; and its range is within 
a comparatively limited area. Indeed, migration 
in the sense in which the term is applied, say to 
birds, cannot be said to take place. Yet the 
changes referred to shed light on the causes of the 
larger movement. For example, the geographical 
range of the varying hare {Le 2 )U 8 variabilis) as a 
species is very wide, but that of the individual is 
extremely narrow. The si)ecie8 is found umong 
the mountains of the North of Scotland. It has 
been met with in Cumberland. Sibbald notes it 
as an Orcadian form in his day. It occurs in the 
Swiss Alps, in Sweden, Norway, Lapland, Kam- 
schatka, and about Hudson’s Bay. Yet the 
individual never wanders more than a few miles 
from its breeding-place, and its change of hab’tat 
is rc^gulai*. On the approach of winter it quits its 
summer residence on the mountain summits, and 
takes up a milder position, very often only farther 
down the same mountain-side. The chief advan- 
tage of this partial migration seems to be a readier 
supply of food, in a temi^eraturo sufiiciently cold to 
}>rovoke the fur to become white. With the return 
of summer it again betakes itself to the heights, 
urged thereto, no doubt, by breeding instincts, and 
the desire to escape the irritating accom}>animents 
of the increase of insect life, in the less exposed 
parts of the hills. Tims one kind of partial 
migration : but there are others which cannot be 
thus explained — others in which neither breeding 
instincts nor food can have a place. For several 
seasons a little company of roe-deer {Cerma 
capreoltL8)y varying from three to five, made theii 
appearance, in August or September, in a protected 
plantation bordering on the banks of the Avon, 
Linlithgowshire. Cautious, wary, timid, they 
skulked about for two or three weeks, few persons 
in the district being aware of their piiesence. The 
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visit ^as not a random ona It was for a good 
many years seasonally regular, and may still 
continue. As one object in view throughout this 
paper is to suggest to thoughtful readers how 
many points, even in commonest phenomena, wait 
for satisfactory explanation, I indicate again my 
own leanings in the following queries : — ^Was the 
pi^esence of the roe in a district sunx)unded by a 
teeming population, and remote from its present 
breeding ground, to be traced to the working of an 


mammals had once a far wider range than now — a 
fckct which has most important bearings on migra- 
tions, and also on the relations of the great extinct 
animals of Quaternary time to our present fauna. 
Why should it be deemed so strange to find the 
remains of animals, held to be widely separated 
both as to the marks of species and geographical 
range, lying together in the same cave earth or the 
same gmvel heap! The roe-deer is abundant in 
most countries of the Old World ; but how difierent 



Fig. 1 .->Tbe Lbmmino {^lyodea lemmiM). 


instinctive drawing towards localities once noted for 
the numbers of these forms'? Had the direction 
of home been wrouglit hei’ediiarily into its psychical 
nature, and were these visits the proof? How 
otherwise, for example, could the young cuckoo, 
which so often lingers a month or six weeks Ijehind 
the parent birds, join them in a far-ofi* land? I 
attach much weight to lo7ig-co'iUimisd climatal 
conditions, and even to periodic changes of tem- 
perature in questions of this sort ; Vmt neither of 
these goes to the root of the matter. The explana- 
tion is more likely to be found in the fa^s of 
transmitted memory, a somewhat metaphysical 
phrase, but, nevertheless, one which is almost 
within reach of verification. No doubt, most 


its associates, say, in Amoorland, where Dr. Von 
Schrenek found it, and in Scotland ! So with birds.* 
The stork may leave its bones where black and 
white cattle feed in Dutch meadows, or by river 
banks in Centml Africa haunted by antelopes and 
lions. Brehm found it in the Soudan — in 
September — still making for the south. Cuvier 
describes the tiger (Felis tigris) as confined to the 
warmest parts of A8ia.t But Von SchrenckJ 
records it as an ordinary resident in Amoorland. 

• “ Migrations of Birds “ Science for All,” Vol. I., p. 
150. 

t Tableau EWmentaire,” p. 118 (1798). 

X Keisen und Forschungen im Amur-lande in der Jahren 
1851-C.” 
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He has shown that it has crossed the ice in latitude 
60® N., and penetrated into the island of Sakhalin. 
With such facts before us as those stated above, 
it is hardly possible to resist the inference, that the 
migration of mammals is, in great part, to be 
accounted for by the impulse of an inherited desire 


the tropics, is not to be traced to what we might 
call abnormal “ push ” on the part of some tigers, 
or to the noble beasts bare love of adventure, but 
simply to the fact that these parts were included in 
its original natural range. An instance from among 
birds will best illustrate this. Suppose all the 



Pipr. 2 .— The Bexndegb (Cervm tarandus). 


towards the areas of their original natuml distribu- 
tion. If the reindeer and the lemming push their 
way from the north, the northern grey squiirel to 
the east, and the American bison, as if possessed 
by a wandering fury, occasionally force its way 
past towns, and villages, and farm steadings, to 
localities far from their pi’esent homes ; no ex- 
planation answers all the cases so well as the 
theory of an inherited drawing to places which 
were the natui^al habitats of their ancestors. The 
presence of the tiger in latitude 60° N., and also at 
211a 


information a British naturalist had of the elder 
duck {Somateria mollisswia) was confined to those 
that visit the Isle of May, in the Firth of Forth, 
and the Flannen Isles, the most remote of the 
outer Hebrides, with the exception of St Kilda ; 
he would most likely be content to say : This 
bird visits us yearly from the far north for the 
purpose of breeding.” But we know that their 
favourite nesting ground is in the far north itself. 
Yet year by year a few pairs ^dsit theser islands, 
thus nesting on our coasts. Now, while positive 
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knowledge is impossible here, is there any explana- 
tion more in the line of the facts, than the theory 
that the birds which visit us are the descendants 
of those which originally had their centre of 
distribution thus far south i And so as to 
mammals. It is most likely that the territorial 
limits of their present migrations were originally 
held throughout the year by the ancestors of the 
present migrating species. 

Birds have once and again been referred to 
above, but no allusion has been made to the migra- 
tion of fishes. Pennant’s vivid description of the 
herring {Clupea Jiarengua)* early attracted the 
attention of naturalists to its changes of locality. 
It reads like a tale, charming, but not true. The 
distribution of the species is very wide, but there 
is no proof that the individual wanders far from 
the place of its birth. What used to be regarded 
as migration on the part of this fish, is now known 
to be no more than a change finm deep water to 
the neighboiiiing shores. But the herring of the 
American coast is identical with our own — a fact 
which tells against the temperature theory. Tem- 
perature may be a factor in determining migration, 
but it is not a leading one. In some eases even it 
can have no weight. For example, the fish 
fauna of the Meditermnean is, in very many 
instances, identical with that of Britain ; and 
Mediterranean forms are met with in considerable 
numbers on the coast of Japan, and in the West 
Indies. Again, both American and South African 
species sometimes find their way to our shores. 
The writer has a fine specimen of the United 
States sturgeon {Acipemer maculoem) which was 
taken in the Firth of Tay. Two specimens of the 
spinous shark {Echinorhy'tichm sjnnosus) were some 
time since sent to him from the Firth of Forth, 
several years intervening between them. 

The seasonal migrations of marine species are 
to be traced to conditions of food and breeding, 
and these furnish the best illustrations of migra- 
tory habits. Such changes, however, are to be 
distinguished from those sporadic movements 
under which forms, rightly accounted marine, are 
known to venture into fresh water and ascend 
river courses for hundreds of miles. Instances 

♦ “Arctic Zoology*’ (1784). 


might be named among the families of salmon, 
sturgeons, herrings, and lampreya These again 
are matched by fresh-water species, as the stickle- 
backs (Gasterosteidcn) and our common river- 
trouts, which are known to make excursions into 
the sea. But passing away from these, the 
common salmon may be taken as a good illustra- 
tive example of fish migration. Its habits in 
this respect are so well known, that we may 
dismiss them with this reference. The only 
point I wish to notice is the influence of man in 
restricting the limits of migration — a most impor- 
tant factor in the case of mammals, though not 
discussed above. It has been shown that, in 
some Scottish counties, salmon have forsaken 
rivers which formerly they frequented, f The pol- 
lution of the waters by coal and iron pits, 
chemical works, &c., has rendered them no longer 
safe for these fish, and their presence in some of 
the streams would be regarded with wonder by the 
people. Yet they occasionally brave all dangers, 
and push their way back to ancestral breeding- 
places. The habit of the roe-deer has been referred 
to as an illustration of this among mammals, and it 
is interesting to meet with the same among fishes. 
Many examples might be given. Some years 
ago several salmon were found dead or dying in a 
ditch in East Lothian, into which the drainage of 
fields enriched by artificial manure was poured. 
This ditch had originally been a feeder of a small 
stream which found its way to the Firth "of Forth, 
some miles distant. But the “oldest inhabitant” 
had never seen salmon in the place before. In 
Linlithgowshire some appeared in a streamlet 
which, after uniting with others as a good-sized 
“ bum ” joins the Avon, a tributary of the Forth. 
For fifteen or sixteen years this streamlet was too 
foul for even minnows to live in. 

I state these facts with a view of calling 
attention again to the influence of inherited love 
for, and drawing towards, ancestral localities. 
This, indeed, is the main inference insisted on in 
this paper. It points to a force which explains 
much in the migration of mammals otherwise most 
obscure, a force, moreover, which is equally powerful 
in the lowest class of vertebrates and in the highest. 

t “ Scotsman,” April 7, 1881. 
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SPEAKING MACHINES. 

By William Ackroyb, F.I.C., etc. 


A bout fifty years ago, Sir David Brewster, 
speaking of the various kinds of talking 
engines that had been devised, and of the ex- 
perience that had been gained in constructing and 
working with them, said, We have no doubt that 
before another century is completed, a talking and 
a singing machine will be numbered among the 
conquests of science.” The conquest has now been 
made, and in so wonderfully complete a manner 
that not only may we have a machine singing 
and speaking with the operator close to us, but we 
may likewise have singing and speaking with the 
performer twenty or more miles away ! A little 
machine resting on the table, apparently consisting 
of a revolving drum, which may be steadily and 
uniformly turned by a handle, will call out to all 
clustering around it, ‘‘ How do you do ? ” “ Good 
night,” &c., and anything else the operator may 
have predetermined ; or a lesser contrivance still 
will reproduce any sounds that are uttered before 
a transmitter a good many miles off ; and so well, 
that the notes of a cornet, the song of a vocalist, 
and the words of a talker are distinctly heard all 
over the room. These are, indeed, conquests' of 
such interest that one longs to hear about the 
various battles of mind against matter by means 
of which they have been made. 

No one knows when man first began to speculate 
as to the possibility of making machines that 
would talk. It must have been in times when, for 
the purposes of fable, sticks and stones were 
supposed to speak; when ideas regarding sound 
and voice were so crude that one imagined the 
possibility of burying the voice, as in the legend of 
Midas’s barber; and when philosophers were so 
much in the dark concerning these things that any 
step they might have taken would have been, 
without doubt, a wrong one. 

From those ages of uncertainty we pass to the 
middle of last century. Men of science had 
now obtained correct ideas as to the nature of 
sound, and were beginning to learn the conditions 
necessary for the production of articulate sounds. 
It was seen that while the vocal coi'ds were 
designed to produce voice, the various parts of the 
mouth were used to modify it They accordingly 
took a hint from the human mechanism in their 
first attempts at making speaking machines. 


It is not our intention here to trouble the reader 
with another account of the organs by means of 
which we speak — the cartilages, ligaments, and 
muscles with hard names that originate and modify 
the sound of the human voice (p. 43). But, in passing, 
we may remark that an ordinary bobbin, with a 
couple of stretched india-rubber bands over one end, 
is a rough representation of one portion of the 
human apparatus. The tube within the bobbin 
represents the wind-pipe, and the stretched india- 
rubber bands over the end of it stand for the vocal 
cords ; and just as a lad, by blowing down such a 
bobbin, produces a musical sound, so a human 
individual, by sending a supjdy of air up his wind- 
pipe from the lungs, and bringing his vocal cords 
to the requisite tension and nearness, originates 
a musical sound. This sound is now modified by 
the throat, tongue, and lips, to produce speech. 
Hence, if one were to 
mount over the india- 
rubber bands of our 
bobbin a cavity with 
artificial lips and 
tongue, we should 
have produced a very 
simple kind of speak- 
ing machine, by means 
, of which two or three 
woi*d8 might he dis- 
tinctly articulated. Procure an orange, and make 
a round hole in the rind large enough for one end 
of the bobbin to be inserted (Fig. 1). Make a slit 
opposite the circular hole, and carefully i*emove 
the inside of the orange. On blowing down the 
bobbin now, and closing the artificial lips twice 
quickly, Ma-Ma will be clearly rendered. 

Upon an analysis of the sounds that are used 
in speech, it is found that the vast variety of 
words which make up a language are formed from 
the combination of a few elementary sounds ; just 
as the untold number of chemical compounds in 
nature are formed from the union of a compam- 
tively few elements. If there were a proper 
correspondence between our written and our 
spoken language, each of these elementary sounds 
would be represented only by one chamcter. 
There is, however, a want of correspondence 
between the characters of our written language 



Figr. 1.— A simple Speaking 
Machine. 



148 


SCIENCE FOB ALL 


and the Bounds of our spoken language, which, as 
Sir Charles Wheatstone has remarked, has been a 
great obstacle to the proper understanding of the 
real elements of speech. To quote the same 
authority : ** A child is taught that the letters 
W, H, Y make the syllable * why ’ ; now, if we 
examine the sound of this word, we shall find it 
to be formed by the rapid succession of the vowel 
sounds U, aA, E. In attempting, therefore, to 
imitate by artificial means the sound of this word, 
we should pay no regard to the letters of which it 
is formed; the elementary sounds alone are the 
objects of our attention. The same observation is 
generally applicable to the words of our language.” 
Hence, to make a speaking machine, it had first to 
be ascertained how to produce each of the ele- 
mentary sounds ; then, by a number of keys like 
those of a piano, they purposed combining these 
elementary sounds to form words, as notes in music 
are combined to form chords. 

With a wise perception, the Imperial Academy 
of St Petersburg accordingly offered a prize in 
1779 for an investigation touching the nature of 
the vowel soimds — ie,j the five elementary sounds 
expressed by the letters a, e, i, o, ti, which are 
formed out of the sound produced by a continuous 
expiration, the mouth being kept open, but having 
the form of its aperture changed for each vowel. 
The questions the Academy proposed were these : — 

1. What is. the nature and character of the 
sounds of the vowels A, E, I, O, U, so different 
from each other ? 

2. Can an instrument be constructed, like the vox 
humana pipes of the organ, which shall accurately 
express the sounds of the vowels 1 

The prize was won by Professor Kratzenstein, 
who, after examining the positions of the various 
organs, and measuring the apertures of the lips, 
teeth, and other parts, constructed a series of 
tubes, shown in section in Fig. 2, which distinctly 



Fig. 2.~KTatzdn8tein*8 Vowel Tubes. 


pronounced the vowels A, E, O, . U when their 
lower ends were blown into through a reed. To 
produce I, it was merely necessary to blow into 


the pipe, a &, of the I tube. Just half a century 
after, however, Pi-ofessor Willis, of Cambridge, in 
repeating Kempelen’s experiments, presently to be 
described, arrived finally at the conclurion that the 
forms of Kratzenstein^s vowel tubes were quite 
arbitrary, as he obtained all the vowel sounds from 
tubes of exactly the same form by simply altering 
their dimensions. To commence with, Willis 
fotmd that by employing a shallower cavity than 
Kempelen had used, he could obtain the vowels 
without inserting his hand. Let A B (Fig. 3) 
represent the shallow cavity, and R a reed in the 
pipe connected with it. He discovered that by 
sliding a flat board, c n, over the mouth of the 
cavity while the 
reed was sounding, 
the whole series of 
vowels were ut- 
teied in the order 
U, O, A, E, I. 

And now, instead 
of using a shallow 

, Fig. 3.— Kempelen's Apparatufi, as 

cavity, he em- modified by Professor WiUis. 

ployed a telescopic 

or compound tube, having the I'eed in the plug at 
one end. By sliding the telescopic tube out while 
the reed was sounding, he obtained the whole series 
of vowels in a determinate order — I, E, A, O, U, 
or XJ, O, A, E, I, according to the length of it 
pulled out. 

It often happens that nearly the same discovery 
or invention is made by persons living widely 
apaii), and without any knowledge of each other’s 
proceedings; and it apjiears; in the case under 
consideration, that while Kratzenstein was thinking 
and working over the problems proposed by the 
Imperial Academy of St. Petersburg, there were 
Von Kempelen, of Vienna, engaged in a more 
extensive investigation of the subject, and in 
France the Abb4 Mical making large speaking 
heads. 

It is difficult to give an idea of the apparatus 
Kempelen constructed without diagrams. His 
first attempt may be described as a nearer approxi- 
mation to a copy of the human speech organs than 
any that had hitherto been made. There was in 
it only one cavity, A B (Fig. 3), whose shape and 
dimensions had to be altered according to the 
nature of the letter which had to be uttered, and 
this was managed by placing his hands in various 
positions within it. The sound to be modified was 
produced from a reed, R, placed within a pii)e which 
was in communication with the cavity. Only pomr 
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results were obtained with this first venture, and in 
a subsequent attempt he employed a hollow oval 
box, BO divided into portions, and attached by a 
hinge, as to resemble jaws. With this he produced 
the sounds A, O, OU, and an imperfect E, but no 
indications of an 1. He still, however, persevered, 
and in a couple of years had completed a speaking 
machine which would pronounce the consonants P, 
M, L, and by means of these and the vowels it would 
pronounce he obtained from it the words mamma, 
papa, aula, lama, &c. He went on further im- 
proving his machine, and it appears that finally he 
was able to make it utter words and sentences 
like the following : — opera^ astronomy^ Constantino- 
polia^ Leopoldiis semndns^ vous Hes rnon amiy je 
vons aime de tout mon cceur^ vemz avec nioi d Paris^ 
Rotnanortvm imperator semper Augustus^ <kc. 

Mical is said to have never published any details 
of the speaking heads which he exhibited before 
the French Academy in July, 1783. From the 
accounts of contemporaries who saw them they 
would appear to have been masterpieces of inge- 
nuity. The heads covered a hollow box, the 
different parts of which were connected together 
by hinges. In the interior were artificial glottises 
of different forms over stretched membranes and, 
according to Vicq D’Azyr, the air passing through 
these glottises was directed on to the membranes, 
and from the combination of the sounds produced 
there was thus obtained a somewhat imperfect 
imitation of the human voice. A key-board was 
attached to one of the heads, which a person 
proj)erly initiated could finger in order to make the 
head speak. So far as the poor abb6 was con- 
cerned, the heads appear to have been a source of 
anything but satisfaction, as he is said to have 
smashed them up on being disappointed of the 
reward which, on the recommendation of the 
Academy, he had expected from the Government, 
and shortly after his disappointment he died. 

Perhaps the most i*ecent attempt at making a 
speaking machine of this order is that of Faber, 
of Vienna, As big as a parlour organ, it has a 
vibrating i*eed of variable pitch for its vocal 
cords ; an oral cavity, whose foim and dimensions 
can be quickly changed by fingering the keys on a 
key-board ; a rubber tongue and lips, to form the 
consonants, and when performing it is said to utter 
something like articulation in a monotonous organ 
note. 

The tremendous amount of labour entailed in 
making these machines, together with the poor 
resiilts obtained from them, acted as a deteiTent in 


the prosecution of this branch of discovery and 
invention. The dream of the inventor was to 
make a machine with voice so powerful that it 
might be employed to command armies, and of 
articulation so perfect that it would serve for all 
time to perpetuate the pronunciation of nationa 
In both he was disappointed. There seemed to be 
no discoverable way of originating speech so power- 
ful, so perfect, or so easily performed as that ready 
to hand in our vocal organa And it will be 
remarked, as we proceed, that the epoch-making 
inventions and discoveries of the last few years 
have been made in new fields, and in the endeavour 
not to originate articulate sounds, but to reproduce 
them. Before we proceed to describe these 
machines for reproducing speech, it will be neces- 
sary for us to give some account of certain facts 
which were known before the inventions were 
made, and which serve as a proper introduction to 
their explanation. 

When the prongs of a tuning-fork are struck, a 
sound is emitted and the limbs tremble or vibrate 
intensely. The motion of the prongs is a minute 
and rapid to-and-fro motion, during which the 
limbs may be said to approach and recede from 
each other with extreme rapidity. If, therefore, 
a small piece of metal, as, e.gr., the point of a pin 
or needle, be attached to one side of a tuning-fork 
by means of w^ax (Fig. 4), then this point of metal 
will make rapid excur- 
sions to and fro when * 

the fork is made to 
sound. It is apparent, 
therefore, tliat if the 
point be hastily drawn 
along the surface of 
smoked glass while the 
fork is sounding, there 
will be a wavy trace left 
(Fig. 4, 1), The phonau- 
tograph of M. Leon 
Scott is an instniment 
A fixed and stretched 
a light 



Pig. 4. — Waw Trace of a vibrat- 
iug TuDi 2 ig-fork. 


based on this principle, 
circular membrane, with 
point of metal attached, being made 
to vibrate, like the feiTotype plate of a tele- 
phone, by speaking into it, a smoked cylinder 
revolves before it at a uniform speed, so that the 
point ti’aces out the curve peculiar to the sound 
which has been uttered.* Perhaps the most 
delicate arrangement of this kind ever used was 
the preparation of a human eai' made by Dr. 
Clarence J. Blake, of Boston, for Professor Bell. 

• “ Science for All,” Vol. L, p. 131. 
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This was simply the ear taken from an anatomical 
subject, suitably mounted, and having attached to 
its drum a straw which made traces on a blackened 
rotating cylinder. The difference between the 
traces of the sounds six)ken into the ear was very 
clearly shown. In these various attempts to record 
sound it was requisite to have the point or marker 
moving at a true parallel to the blackened surface, 
and the nature of the cuiwes was all one had to 
determine the nature of the sounds which had been 
uttered. In 1877, Tho& Alva Edison, the well- 
known American inventor, de\dsed the plixyiwgraph^ 
a s])eech-reproducing machine of maiwellous sim- 
plicity, which, in general temis, may be described 


diaphragm is set vibrating, the metal point, in 
its excursions to and fro, indents any soft sub- 
stance that may be in front of it. It is, more- 
over, found that if such a soft substance be 
drawn before the kicking pin, the nature of the 
depressions produced, or, in other words, the nature 
of the minute ridges and valleys carved out, 
depends entirely upon the character of the sound 
which sets the diaphragm with its dependent pin 
vibrating ; and if the converse oi>eration could now 
be performed — ie.y if the indentations could now be 
drawn in front of the pin point in the exact order 
and at the same speed with which they were 
originally produced — then the diaphragm would be 



Fig. 5.— The Phokooeaph. 


as a phonautograph with its point moving in a 
plane at right angles to the surface of the cylinder, 
and thus giving kicks instead of tmces when the 
membiune is vibrating. We shall now proceed to 
describe this machine more minutely. 

The essential parts of the phonograph are the 
moutlipiece, a, and the drum m (Fig. 6). At the 
back of the mouth])iece there is a 
diaphragm of thin sheet metal, 
which is set vibrating when one 
speaks into it. This vibratory 
motion is communicated to a metal 
I)oint, or marker, which, in the 
earlier forms of phonograph, was 
directly attached to the back and 
centre of the diaphragm. It is 
found better, however, to have the 
point, p (Fig. 6) attached to a piece 
of steel-spring, 8, with an india- 
rubber cushion intervening be- 
tween the spring and the dia- 
phragm, d. It will be readily understood that 
when one speaks into the phonograph, and the 


made to vibrat-e exactly as before, and, communi- 
cating its vibrations to the air, would reproduce the 
sounds originally spoken in front of the mouth- 
piece. It will therefore be seen that the philo- 
sophy of the whole process consists sim^ily in 
taking a jjermanent impression of a very complex 
comix)und vibration, and using it again as a mould 
to reproduce that vibration. For this to be done 
efficiently, there is a drum, M, with a spiral groove 
in it, and this is revolved in front of the vibmting 
pin. The pin dips into the groove. The axle of 
the drum at s is likewise spirally grooved and fitted 
to a knife-edge, so that as the drum is revolving it 
moves along at such a rate that the pin never 
leaves the drum groove. To insure uniformity of 
speed, various means are resorted to, but most com- 
monly clock-work is employed. In some American 
phonographs, however, the uniformity of speed is 
obtained by having a heavy fly-wheel connected 
with the handle, as in Fig. 5. A sheet of tin-foil 
being fastened round the drum, one makes it 
revolve, and at the same time speaks into the 
mouthpiece. The tin-foil is impressed with the 
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peculiar indentations that are produced by the 
speech uttered before it And now, when the 
drum is slid back, so that the pin may rest at 
the commencement of the depressions, the drum 
has only to be set revolving at the same rate as 
before for the sounds to be reproduced. 

The speech-laden tin-foil appears as if indented 
with parallel rows of dots and dashes. Some idea 
of the appearance is given in Fig. 7. These 
indentations may have the power 
to reproduce a sjieech or a song, 

; the loud crow of the farm-yard, or 
the loud whistle of a country 
bumpkin. Nay, they may even 
reproduce the harmonious efforts 
of two or three vocalists. 

The instrument, moreover, is not 
without its peculiarities of utter- 
^£denTi«^f^^’ ^ pioUS honw of 

serpent-like hissing sounds, which 
it can only with extreme difficulty be made 
to repeat, so that instead of the words, ‘‘steady, 
boys, steady of our well-known patriotic song, 
we get from it, “ thteady, boyth, thteady ! ” 
The real elements of speech, however, which 
have been uttered before it are reproduced faith- 
fully whichever way the dnim is revolved. Thus 
if baaoot or baaeet be pronounced in front of 
the phonograjffi while the drum is revolving 
at a uniform rate, the sounds tooaab or Ueoab 
will come out if the motion be reversed ; in 
other words, the elements of speech here, whether 
vowel or consonant, appear to have this pecu- 
liarity — that a motion of the drum either way 
will reproduce them. On this account it has 
been suggested that we only regard that as an 
elementary speech sound which is uttered by either 
direct or reverse motion of the tin-foil which has 
been impressed with it in the phonograph. 

It is not at all remarkable that the performances 
of such an instrument as this should have been 
regarded at first with a feeling of incredulity ; for 
it really appeared astoundingly wonderful that a 
revolving drum encased in tin-foil should utter 
passages from standard works, &c. ; and in one 
eccentric member of the French Academy this 
incredulity was so strong that he declared to the 
laughing assembly that the sounds heard were the 
effects of ventriloquism. His astonishment must 
have been much greater still, however, when M. du 
Moncel gave a demonstration with a “singing 
condenser.^' Withdrawing to a room, in company 
with M. Faye, he closed the door and sang. His 


voice was heard in another room coming from a 
number of sheets of tin-foil interleaved with 
prepared paper, and connected with an induction 
coil. This singing condenser, due to our country- 
man, Mr. Cromwell P. Varley, has since become a 
“ speaking condenser,” and we shall therefore have 
to describe this, the latest of speaking machines. 
And here we would add that the wonderful fertility 
of modem science must have struck even those 
who arg perfectly familiar with its methods and 
results, and with ten-fold more force must it have 
impressed general readers. When Bell had pei*^ 
fected his telephone, it appeared to leave little, if 
anything, to desire. Perfect in articulation, 
capable of being used over comparatively long 
distances, it seemed an instrument unique in every 
respect, and of such a nature that none otlier 
could be devised either to aid or supplant it. 
Yet four short years scarcely passed ere it was 
supplanted as a transmitter by the microphone,* 
and its capabilities as a receiver have been 
approached, if not equalled, by the speaking con- 
denser, and Preece’s telei)hone — instruments we 
have next to sj^eak about. First, then, as to the 
condenser. 

A condenser is a series of alternating sheets of 
tin-foil and some insulating substance like shel- 
lacked paper. These are generally placed in the 
oblong box upon which an induction coil resta 
If there be, say, nine sheets of tin-foil, counting 
from the top (Fig. 8), all those represented by odd 
numbers are connected at one side, and all the 
even-numbered sheets ai'e joined up at the other. 
Wires leading from these two sets of metal sheets 
are joined up to the metal supports of what is 
known as the contact breaker, a device employed 
for making the primaiy curi’ent intermittent. 
Yarley, as we have before hinted, discovered some 
yeai*s ago that if such a condenser be connected to 
the secondary wire of an induction coil, wliile the 
primary includes a Reiss transmitter like that 
figured in Vol. I., p. 182, then upon singing into 
the transmitter the notes are reproduced by the 
condenser. Our idea of the arrangement will 
be materially aided by a diagiam. In Fig. 8, c 
represents the alternating sheets of tin-foil and 
an insulating substance. The sheets of metal are 
joined up to the secondary wire of the coil, which 
is here represented as one of a pair of parallel 
wires (ii). The primary circuit (i) includes the 
battery, b, and the transmitter, t. Upon singing 
into T, c gives out similar notes. By a slight 
* “Science for All,” Vol. V., p. 170. 
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alteration of conditions, it has been made to re- 
produce speech too. M. Dunand found that 
when a carbon microphone took the place of the 
Reiss transmitter, as represented in the diagram, 
and a battery was included in the secondary circuit 
along with the condenser, then speech could be repro- 
duced — i,e.y if one talked to the carbon microphone 
the condenser reproduced the speech. These results 
were communicated to tlie French Academy by 



M. du Moncel, who was apparently in an awkward 
position ; for when he received M. Dunand’s com- 
munication he had already seen the condenser used 
successfully instead of the telephone by M. Hertz, 
who requeisted him to be silent on the matter. 
Here, therefore, as in a great many other cases of 
invention and discovery, two independent workers, 
quite unknown to each other, were simultaneously 
successful. 

We have now to turn to Preece’s telephone, 
invented in 1880, an instrument of even greater 
simplicity than the one devised by Bell. The 
resistance which is offered by a wire to a current 



of electricity raises its temperature; so that if 
there be a rapid variation of the current, there 
will be a ittpid variation of the tempemture, an al- 
ternation of heatings and coolings. Heat expands 


or lengthens, cold contracts or shortens a wire. It 
is upon these principles, in addition to a few others 
already enunciated, that Preece’s telephone is based. 
A general view pf it is shown in Fig. 9. There is 
a disc, rf, of the same nature as the ferrotype 
diaphragm of the phonograph, so that when made 
to vibrate in a particular manner it will emit 
sound. On a stout base of mahogany a brass 
support, 8, is so attached that it can slide and be 
fixed at any distance from d. A wire of about 
six inches in length is connected with d at one 
end, and with the tip of a screw in the support, s, 
at the other. To the end^ of this stretched wire, 
w, two other wires are connected, so that a com- 
plete ring (circuit) may be completed, including 
the earth, a microphone, in, and a battery, b. Now, 
when a current of electricity passes through a thin 
wire like w, the heat developed makes the wire 
lengthen, and as it exposes a large amount of 
surface to the sun’Oimding space, it as readily cools 
and shortens. We have already learnt that a 
microphone preduces a most rapid variation in the 
cuiTent which passes through it,* and therefore, in 
this case, a p(jrson speaking into the microphone at 
m mpidly varies the strength of the cun'ent passing 
through the wire, w, from the battery, b ; or, look- 
ing at the phenomenon from its thermal aspect, we 
have a rapid alternation of heatings and coolings, 
or of lengthenings and shortenings of the wire, w, 
whereby such a state of vibration is communicated 
to the disc, d, as will make it give out similar 
sounds to those which liave been spoken in the 
neighbourhood of m, 

Preece found in his experiments that wires 
0-001 inch in diameter gave the best effects; and 
so far as materials are concerned, very clear sounds 
were obtained witli platinum, clear sounds with 
palladium and iren, faint sounds with copi)er and 
silver, very poor results with gold, and very 
variable ones with aluminium. One curious result 
was that hissing sounds could not be reproduced by 
this meana 

From what we have said, it will be seen tliat the 
problem which exercised the minds of a few 
pioneers in the last century was one of no mean 
order, and complete success was reserved for their 
followers of to-day. How complete that success 
has been is evident when a man in his senses 
declares that the perfoimance of a speaking 
machine is due to ventriloquism, so well is the 
human voice simulated ; and, indeed, the wonder- 
ment its performance excites in the minds of the 
* “ Science for All,” VoL V., p. 170. 
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ignorant cannot be adequately expressed in words. 
It is of the same nature as that exhibited by the 
savage chief who, 'vVhen sent from the missionary 
Williams to his wife with a message written on a 
chip, was so surprised at what seemed to him the 
silent speech of the bit of wood that thenceforward 


he wore it suspended from his neck. But we 
cannot imagine what the effect would have been 
on his savage mind if, instead of a chip, he had 
had given to him a roll of speech-laden tin-foil, 
which, upon being put upon the drum of a phono- 
graph, had uttered the message in his presence 1 
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A S may be learnt from the writings of more 
than one ancient author, it is several thousand 
years since ants first commanded attention by 
reason of their curious habits; but it is only in 
modem times that any attempt has been made to 
thoroughly and systematically investigate these, and 
to ascertain what amount of truth there is in the 
belief that ants arc; endowed with a large amount 
of intelligence and of reasoning powers. 

Before, however, discussing the views of recent 

observers on this 
' ^ _ interesting point, 

it will be neces- 
sary to learn 
something of the 
ordinary routine 
of an ant’s life; to 
see how the nest, 
or, as it is tech- 
nically called, the 
formicariiim, is 
constructed, and 
what uses it sub- 
serves ; and to 
find out (so far 
as we may) the 
domestic econo- 
my and relations, 
inter se, of the 
inhabitants. 

As incidentally 
mentioned in a 
previous jiaper, 
various kinds of 
ants make various kinds of nests. Some merely ex- 
cavate burrows in the eai*th below a stone ; others 
live below the bark of dead trees, and make more 
or less extensive galleries in the decaying wood, in 
some cases worliing up the tissues of the trees into 
212 


\ 

i 

> 

' '• i 

%Y ^ 

' I ' V ' ' ^ 

- 


i 

'T ^ V' 

- 



Fig. l.*-Sectiou of an Auts* Nest. 


a paper-like substance, with which to construct part 
of the nest ; a third class i*aise mounds or hillocks 
on the surface of the earth, and live in the interior 
of the hill, or in excavations below it ; while yet 
another construct hanging-nests in trees by glueing 
the leaves together ; and a few others inhabit parts 
of living plants which they have adapted for their 
use. Other forms of nests might be mentioned, 
but, from the examples given, it can readily be 
imagined that just as the modes employed in con- 
structing the forniicaiuum are very varied, so are 
the habits of the ants themselves. It will bcj well, 
therefore, to select one particular species as the 
subject of our first investigations, and, having ascer- 
tained what its manner of life is, then proceed to 
see in what respects those of some other ants 
differ. 

The ant, which by its wide distribution, compara- 
tively large size, and the cons])icuous nest that it 
constructs, seems to present itself as an ai)propriate 
subject to select for observation, is the large wood 
or horse species, Formica rnfa (Fig. 1, p. 109). This 
is the ant which constructs the large mounds of 
dead vegetable debris^ so familiar to most of 
us as “ant-hills” (Figs 1, 2, and Fig. 2, p. 112). 
These hills sometimes attain a height of three or 
four feet, and contain many thousand inhabitants ; 
but for our purpose it will be well to select 
a smaller and more recently-founded colony. This, 
we can see, is a dome-shaped accumulation of 
dead pieces of plants, with sometimes a few 
stones, particles of earth, tfec., intermingled. The 
vegetable components of the nest vary accord- 
ing to the situation. In a fir-wood they will be 
found to consist almost entirely of the dead fir- 
leaves or needles, but in other woods they may be 
the stalks of dead leaves, bits of dead grass, and so 
forth. Whatever material is most suitable, and, at 
the same time, most easily got, is used by the ants. 
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Whaiiever the material may be, it is so arranged 
that the dome of the nest is, to a certain extent, 
watei’proof, and, at the same time, a number of 
doorways are left to permit of the entrance and exit 
of the inhabitants. These doorways communicate 
with winding passages and galleries in the interior 
of the nest, and from these again, in older nests, 
passages descend into the eai*th, where another 
series of chambers and galleries exist, in which the 
inhabitants live in winter. In recently-made nests 
there are no underground works. These are made 
afterwards, and, as well as the dome, ai’e increased 
in size as the population of the formicarium in- 
creases. As the nest gets old the outer lower por- 
tion of the raised structure decays, and becomes 
more solid, and is not used by the inhabitants, but 
abandoned to various other insects, who find in the 
decaying mass food and shelter. From the ant-hill, 
es[>ecially if it be an old one, various well-marked 
paths — an inch or more wide — may be seen going 
in various directions, and reaching to the distance 
of sometimes several hundred yards. Along these 
roads crow'ds of ants may be seen hurrying to and 
from the nest — those that are going to it often laden 
with some piece of materiid with which to add to 
the structure of the hill, or perhaps with their 
“ sucking stomachs ’’ filled with food for the larvae. 
The roads lead to the favourite hunting-grounds of 
the inhabitants of the nest, or to one or more new 
colonies ; jind, from the greater trafiic on them 
near the ant-hill, are there broader and more 
strongly marked, as all the vegetation has died, and 
left the well-trodden bare earth. From the number 
of passengers going backward and forward upon 
such a road, attempts have been made to calculate 
the ]iumber of inhabitants of a nest of Formica 
Tvfa^ and M. Forel arrives at the conclusion that 
there may be as many as 500,000 workers in one 
nest, though in many cases the number may be 
5,000, or less, according to the age of the nest. 

The inhabitants of the formicarium consist of 
workers, and fertilised and wingless females, and, 
for a very shori tim6, of males and winged females. 
When the winged individuals (male and female) 
leave the pupa state they remain in the nest for 
a few days, attended by the workers, but on some 
fine morning they come out, climb about the dome, 
or on some neighbouring plant, and pair there, 
some, however, going off to a greater distance. At 
this time the workers are in a great state of excite- 
ment, and run hither and thither, looking for the 
fertilised females, which are then carried into the 
nest. The males fly away, and, being unable to 


feed themselves, die in a few days, or are slain by 
birds or spiders, or by other ants. Many females, 
too, are doubtless lost when they have wandered too 
far from the natal formicarium. After a female 
has been fertilised she takes steps to get rid of her 
wings, which are now of no further use. This she 
accomplishes by moving them backwards and for- 
wards, and shaking them violently till they drop 
off. In getting rid of their wings they are often 
assisted by the workers. Thereafter the rest of the 
life of the female is spent in laying eggs from time 
to time, and she takes little or no part in the work 
of the nest. Upon the workers devolve all the 
laboure of the community. By them is the nest 
constructed, kept in i*epair, and added to ; the 
young, be they eggs, larvae, or pup®, fed or 
nursed ; the females, and others, who have not been 
able to go out in search of food, fed from the sup' 
ply in their sucking stomachs ; and finally, the nest 
defended if attacked by some enemy. In a word, 
the sole end and aim of every ant seems to be the 
common good, and not the welfare of the individual. 
In fighting they do not employ much strategy, but 
rush fearlessly and furiously on against the enemy, 
biting with their powerful mandibles, or discharging 
— for they are not j)rovided with stings — from the 
ends of their abdomens, the contents of their poison 
reservoirs. 

The duration of life of an ant after it has 
reached the adult stage is very uncertain. The 
males, as we have seen, live for a few days only, 
but the females and workers have a longer span of 
life, extending even to four, five, or perhaps even 
a greater number of years. How long a formi- 
carium may flourish varies. After a while 
females cease to he produced in it, and the city 
gradually i>erishes from want of inhabitants, but 
other causes may determine the extinction — such as 
the failure of the food supply, the too-near neigh- 
bourhood of a flourishing rival city, <fcc. 

In addition to its proper inhabitants, the nest of 
Formica rufa (as of several other ants) contains 
other inmates. Some of these, as have been men- 
tioned, live in the older and deserted parts of the 
nest, but there are others which live in the inhabited 
portions, and are either able to protect themselves 
from the owners of the nest, or else live on 
good terms with them. In the latter case the 
exact relations between the host and the guest 
are not very clear, though in some cases it would 
appear that the ants obtain from their guests some 
sweet secretion, and in return give them protection. 
These guests — invited or uninvited — consist chiefly 
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of insects — ^with one or two allied animals (such as The latter, in giving this protection, are far 
mites and woodlice) — and include beetles, two- from disinterested, for the aphides are their 
winged flies, and at least one moth. Like other cows, and are regularly milked by the ants. If we 



. 2.— Section op an Ant-hill. 


ants, Formica rufa cultivates, as it were, certain 
species of plant-lice (Fig. 3), and their roads fre* 
quently letid to trees much frequented by the latter, 
which live in peace under the protection of the ants. 


examine a plant-louse or aphis we will see that it is 
furnished near the end of its abdomen, with two 
little conical projections. From these it can dis- 
charge a small quantity of a sweet fluid, much 
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relished by the ants. When an ant wishes to milk 
an aphis, it gently strokes the latter with its 
antennse, upon which the aphis discharges a drop of 
the fluid, and the ant laps it up. This is an oj^era- 
tion that any one may easily observe for himself. 

Unlike the honey bees, the females in an ants* 
nest are not limited to one. 

On the whole, Formica rufa is not one of the 
most intelligent of ants, but as it has served our 
purpose in letting us see what a formicarium is 
like, we will now pass on to another ant, whose 
habits aic ^’erv curious. This is the Amazon ant, 
Polyergiis ruft^scem, a species not uncommon in 
some parts of Europe. Its nest is constructed in 
the ground, and covered with a dome of earth. The 
Amazon ant is not provided with a sting, nor does 
it throw its poison out forcibly, like Formica rnfa^ 
but it is an insect of amazing courage, and gifted 
with a high degree of intelligence. The most re- 
markable fact in its liistory is that being unable to 
construct its ovti nest, to nurse its young, or even 
to feed itself, it makes slaves of other ants, and 
compels them to perform these offices for it. The 
ants it enslaves l;>elong to the species Formic j, fiisca, 
sometimes called from its colour the jet or negro 
ant, and the manner in which the slaves are ob- 
tained is as follows. Having ascertained (perhaps 
by means of scouts) where a nest of the negro ants 
is situated, an army of the Amazons (vaiying in 
number according to circumstances, but usually be- 
tween 300 and 1,200) marches in a body to the 
nest that is to be attacked. The army consists of 
workers only, and they have no commander, 
though there is usually an advance guard, which, 
after leading for a little, retires to the rear 
of th(^ army, other workers taking its place. 

On arriving at the nest they rush furiously 
at its guardians, overpower them, even if the 
weight of numbei’s is on the side of the 
assailed, and, entering into the nest, seize 
upon the pupw or cocoons, and return to their 
OMui nest, where the spoil is handed over to 
the slaves, and by them the captured pupae are 
carefully tended till they arrive at the adult stage, 
when they, too, become slaves. In this way the 
supply of slaves is kept up and increased. In their 
expeditions, the Amazons march with great celerity, 
and accomplish tlieir work so quickly, that in less 
than an hour an army may have set off*, stormed a 
nest, and returned with the sjx)iL The masters and 
their slaves live on very good terms with each other, 
though all the work, except fighting, falls to the lot 
of the latter. Among so many remarkable facts as 


the history of this ant presents, not the least remark- 
able is the inability of the Amazons to feed them- 
selves. That this is not fancy has been proved over 
and over again, and is beyond doubt, and additional 
proof may be gatliered from the construction of the 
parts of the mouth. When an Amazon is hungry 
it seeks out one of the slaves, and pats it with its 



Fig. 3.— Ant milkiag Aphides or Plant-lice. 

antennse, whereupon the slave disgorges some of 
the liquid from the sucking stomach, and feeds its 
master. As a rule, it is only the cocoons of the 
workers that are carried oflT by the Amazons when 
they attack a nest; the pupee of the males or females 
would be of no use to them, and being larger than 
those of the workers they know which to select. 
According to Huber, one of the earliest and most 
enthusiastic observers of the habits of ants, the 
slaves of the Amazons prevent their masters going 
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out on a slave-capturing exi)edition at the time 
when male and female pupse predominate, but, 
though it is the case that the slaves do stop expe- 
ditions on certain occasions, it is very doubtful 
whether Huberts explanation is correct. In addition 
to Formica fnsca^ Formica rufibarbis is also en- 
slaved by the Amazons. 

The Amazon ant is not the only one that makes 
slaves, though it is one of the most interesting. 
Formica sanguinea is another species that employs 
servants, though, unlike the Amazon ant, it is not 
entirely dependent on its slaves. The species it 
enslaves, and which it captures in the same manner 
as the Amazons do, are several, and it sometimes 
hapj)ens that, not content with making a spoil of 
the pupse, the nest itself is sometimes taken posses- 
sion of, and the old nest deserted in favour of the 
captured one. There are several other species 
which have similar habits, but space will not permit 
of these being described. 

In the sketch of the history of the horse ants, 
mention was made of the fact that they kej)t herds 
of i)lant‘lice which they used as cows. Many oth(^r 
ants have the same habit of farming insects, which 
can supjdy them with a sweet secr(‘tion, but some 
of them take more entire possession of the aphides 
or other insects, kec^jing them in or near the nest, 
and so shutting them up, that no other ants can 
get to them. Amongst the ants which have this 
habit, is a common yellow ant, the Lasms JlavibSy 
which is a great miner, and being of a timid nature 
seldom ventures above ground. Its nest consists of 
galleries excavated in the earth below a stone or in 
a small hillock, and its food frequently consists in 
a great measure of the sweet liquid exuded by the 
aphides. The aphides that this ant keej^s as milch 
cows are kinds which obtain their nourishment 
by sucking the juices of the roots of jdants, so that 
the ant has no difficulty in keeping them in its 
subterranean galleries and in making these in 
places where the aphides can obtain food. This 
ant not only tends the aphides themselves, but is 
careful to preserve their eggs during the winter, 
and by placing them in the warmest part of the 
nest in spring hasten their hatching, with a view, 
of course, to obtain an early supply of food for 
themselves. 

The statement by some old writers that ants 
stored up grain in their nests was long thought to 
be an error of observation, and it was supposed 
that the larvee or pupee being carried in and out of 
the nests by the workers had been mistaken for 
grains of wheat or other com, to which they bear 


some resemblance. Recent observations, however, 
have shown that the old writers were correct, and 
that some ants do actually collect and store up 
seeds of plants which, or at least part of them, are 
in some manner used as food. Most of these ants 
belong to warm countries, and several species which 
inhabit the shores of the Mediterranean have this 
habit as I have myself seen. As much as one 
pound weight of seeds has been found in a nest. 
The nests, which are subterranean, are made m 
situations where plenty of seeds can be obtained, 
and among other places that have been observed to be 
selected (according to the late Mr. Moggridge) were 
the neighbourhood of a corn-dealer’s shop, and of a 
bird-cage, which shows that the ants are not par- 
ticular as to where they obtain the seeds. Nor are 
they at all scrupulous about robbing each other, 
and fierce fights often take i>lace on this account. 
Though it is not difficult to believe that ants may 
be clever enough to collect and store up grain, yet 
that they should proceed further, and sow and 
cultivate them, having first prepared the ground 
for their reception, seems almost incredible. Yet 
that such is the case has been recorded in good 
faith, and though better evidence is desirable, 
and doubts have been expressed as to whether 
the crop is intentionally sown, as the history of the 
ant in question is most interesting we may pro- 
fitably devote a little space to a discussion of its 
peculiar habits. 

The agricultural ant, as it has been temied, is an 
inhabitant of North AmcTica. Its nest is con- 
structed in the ground, and is sometimes co veered 
with a slight mound. For a certain space round 
the nest the giound is carefully cleared of all 
vegetation and made tolerably smooth, as are the 
numerous paths which lead from it. The ants are 
very industrious seed collectors and may be seen 
toiling along their paths laden with seeds, which 
are stored up in granaries in the nest. In the 
cleared space round the nest there is frequently a 
patch or patches of a peculiar kind of grass which 
produces seeds that are much sought after by the 
ants. It has been stated that the ants make the 
clearing, and sow the seed of this grass on purpose? 
to reap the crop, but evidence is yet wanting to 
show that the grass is intelligently sown and not 
accidentally. The fact remains, however, that on 
or round many nests there are crops of the gi’ass, 
and that it is not destroyed like other vegetation 
by the ants. 

The agricultural ant is not the only one that is 
credited with intelligently cultivating plants. The 
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leafH^utting ants — also inhabitants of the American 
continent — are too well known in some places for 
the great havoc they cause by destroying the leaves 
of certain trees and other plants. So destructive 
ore they that in some parts of tropical America it 
is almost impossible to grow some kinds of plants 
which are favourites of the anta The nest is made 
in the ground, and is often of very large size. Mr. 
McCook, who has studied the habits of one kind of 
leaf-cutting ant that inhabits Texas, found in one 
case, that the hole left after the nest had been dug 
out by a man employed to destroy it, was twelve 
feet in diameter and fifteen feet deep. This space 
the ants had occupied with numerous chambers and 
connecting galleries — the largest chamber (about 
the size of a flour baiTel) being at the bottom. 
From the nests numeious roads lead to places 
where an abundant supply of the jiroper kind of 
leaves can be obtained. Some of these paths are 
more than half a mile long. In places that are 
sheltered from the sun the roads are above gmund, 
but where they are exix)sed to the hot rays of the 
sun the road is, by some species of leaf cutters, 
tunnelled underground, and it is said to be some- 
times carried even under streams. In the nest, in 
addition to the females and males (at the proper 
time) there are three or more kinds of workers 
distinguished by their different sizes and by the 
work allotted to each. Those of the largest size, 
which may be five or six times that of the smallest, 
and which have very big heads, are sometimes 
called soldiers (similar workers are also found 
amongst some other kinds of ants) and they do not 
take part in the ordinary labours of the community, 
but exercise a kind of general superintendence, as 
well as defending the nest and their comrades from 
attack. The medium size workers are employed 
in cutting and carrying the leaves. These are cut 
upon the tree into circular pieces about the size of 
a sixpenny bit, and are stowed away in some of the 
cavities of the nest. A road ci'owded with ant.s, 
each bearing aloft its piece of leaf, has a very 
curious appearance, and has suggested for these ants 
the name of parasol ants. The smallest size of 
woi'kers remain in the nest and attend to the larvaj 
and j)upa?. What the ants do with the leaves when 
they have stored them up, is a matter that is still 
somewhat doubtful. The late Mr. Belt was strongly 
of the opinion that the leaves were used as manure 
beds for growing a small wiiite fungus, whose 
threads may be found ramifying through the masses 
of leaves, and which was one of the foods of the 
ants. Mr. McCook, on the other hand, thinks that 


the ants extract the juices of the leaves and then 
use the thin dry remains as a kind of paper, with 
which to construct pari of the interior of the nest. 
He admits that the fungus grows in the leaf masses, 
but does not think that they are brought in on 
purpose to grow the fungus. One curious habit of 
these ants must not be forgotten, and that is the 
custom they have of closing the doors of the nest 
at ceriain hours, a habit which other ants are also 
said to have. The doorways are carefully filled 
with bits of twigs, dead leaves and other rubbish, 
and when thus shut the nest looks like an old and 
deserted one. The operation of closing the gates is 
a long and complicated one, and the ants are very 
careful in seeing that it is properly done. 

We must now pass on to a brief consideration 
of the very different habits of another class of 
ants, inhabitants of various tropical countries, and 
vaidously called from their habits, army ants, 
driver ants, ants of visitation, chasseur ants, or 
foraging ants. These ants are not vegetable- 
feeders, but eat other animals, especially insects, 
though often creatures of a larger size — even small 
mammals and birds — fall a prey to them. As 
by their vast numbers they soon clear out all the 
food available for them in a locality, these ants 
are forced to make frequent migrations, and hence 
have only temporary nests. They march in 
enormous armies, clearing before thein every 
animal that tliey can master, and driving even 
man himself out of their path. Frequently the 
line of march, purposely or accidentally, embmees 
houses, to which they are welcomed by the in- 
habitants on account of the clearance that is made 
of the numerous cockroaches and other insects, 
as well as other troublesome inmates, such as rats 
and mice. 

Ceriain species of these army ants which 
inhabit tropical America, Mr. Belt considei*ed to 
be the most intelligent of all the insects of that 
pari of the world. On one occasion he noticed a 
wide column of them trying to pass along a nearly 
pei’pendicular slope of crumbling earth, on which 
they found great difficulty in obtaining a foot-hold. 
A number succeeded in retaining their positions, 
and further strengthened them by laying hold of 
their neighbour. They then remained in this 
|)08ition, and allowed the column to march securely 
and easily over their bodies. On another occasion 
a column was crossing a stream of water by a very 
narrow branch of a tree, which only permitted 
them to go in single file. The ants widened the 
bridge by a number clinging to the sides and to 
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each other, and this allowed the column to pass 
over three or four deep. ' These ants, having no 
permanent nests, carry their laiwce and pupse with 
them when marching. The prey they capture is 
cut up and carried to the rear of the army to be 
distributed as food. 

Allusion was made above to the fact that ants 
sometimes make their habitations in suitable parts 
of living ])lants. Two instances 
of this may be shortly noticed. 

In South America there is a 

kind of acacia which, from its - 

strong curved spines set in 

pairs, has I’eceived the name of 

the Imirs'horn thorn. When . - 

the tliorns are first developed, 

they are soft and filled with a ^ 

sweet pulp. Now there are 

two kinds of stinging ants Figf. 4.-Honey-bGflrers o 
wliich gnaw holes in the soft 
thorns, eat all the pulj), and take up their 
abode in the thorn, which then becomes hard, 
and affords a very suitable house, the more es- 
pecially as certain glands on the leaves of the tree 
secrete a kind of honey, which is the food of the 
ants. In return the ants prot^oi^'lS^ree from the 
ravages of the leaf-cutting ants, which would 
otherwise defoliate it. Ants which take up their 
abode in hollow thorns are also found in other 
parts of the world. The other instance referred 
to is that of several kinds of ants which live in 
the stem of the trumpet-tree, a species of Cecropiou 
Tliis tree has a hollow stem divided into sections at 
intervals by transverse partitions. The ants make a 
hole into the tree, and then bore through the parti- 
tions one after the other, the cells or chambers thus 
formed being used to house the eggs, larvse, and 
pnpte, each being kept in a different cell. This tree 
does not provide the ants with food, but they carry 
into it certain scale-insects that secrete, from a 
pore on the back, a honey-like fluid which is lapped 
up by the ants. The scale-insects get their food by 
sucking the juices of the tree, and live on good 
terms with the ants. At least threg kinds of ants 
inhabit the trumpet-tree and farm scale-insects, 
but not more than one kind inhabits a tree at the 
same time. 

Before leaving the subject of the habits of ants, 
which has necessarily been little more than glanced 
at, the honey-ants must be noticed. They are 
American ants, which construct underground nests, 
but their chief peculiarity is that, in addition to 
the ordinary inhabitants of an ants’ nest, there 


is a special class, called honey-bearers. These live 
entirely in the nest, and receive the food collected 
by the workers, store it up in their globular 
abdomens, which are capable of great expansion, 
and regurgitate it in the form of honey when any 
of their comrades desire to be fed. They are, 
in fact, merely living honey-bags. In nests 
opened by Mr. McCook there were from eight to 





Figf. 4.— Honey-bearers of the Mexican Honey Ants {Hyrmecoeystus Mexicanus), natural size and 
magnified, viewed from the side and from above. 


ten chambers, each containing on an average thirty 
honey-bearers clinging to the roof by their feet 
(Fig. 4). Another species of honey-ant has been 
found in Australia. 

The examples that have been given of tbe 
habits of ants have been enough to show that 
they are full of interest, and amply repay any 
attention that can be bestowed on them. We 
have now to see what conclusions, as to their 
intelligence and reasoning powers, can be di’awn 
from the result of numerous careful experiments, 
conducted by Sir John Lubbock,* to which we 
must refer any one who wishes to study the 
subject at greater length. 

It has long been well known that ants belonging 
to the same nest are able to recognise each other, 
even if they have been kept apart for months. 
On the other hand, an ant of the same species, 
but belonging to a difierent nest, is at once 
recognised as a stranger, and usually treated 
accordingly — i.e., it is killed. Strange larvse or 
pupae, but belonging to the same species, are, on 
the contraiT, taken care of. But though strange 
ants are treated as enemies, yet if pupse be taken 
from a nest, and entrusted to strangers to rear, and 
then restored (as adult ants) to their parent nest, 
they are, in the majority of cases, treated as 
friends. If, however, they are put in their 
stranger nurses’ nest, they are attacked. Not 
content with this experiment, Sir John Lubbock 
put the ants to a more crucial test, and found 
that ants reared from eggs laid by a female that 
* “Journal of the Linnean Society” (Zoology), 1874-5-6-7-9. 
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bad been removed from the nest, were recognised 
as friends by the ants of the nest that the female 
had belonged to, tliough not previously seen by 
them in any stage of their existence. No ex- 
planation has yet been made of this {peculiar 
faculty of ants to recognise their friends and 
their enemies. 

The result of other experiments goes to show 
that, while ants are by no means destitute of 
kindness to their friends, yet that hatred of their 
enemies — that is, of every ant that does not belong 
to their own nest — is a stronger passion in many 
speciea Another series of experiments wei’e made 
to ascertain if various colours were recognised by 
ants, and the conclusions arrived at were that they 
have the jK)wer of recognising colours, but that 
their sensations of colour must be very diifferent 
from those pix>duced upon us. 

The investigations of many obseiwers have 
tended to show that ants have the power of 
communicating information to each other, and thus 
obtaining assistance in their labours. To test this, 
miiny experiments were made, w'ith the result of 
showing that such powers of communication really 
exist, and are used by ants. 

To test their intelligence in another manner, a 
number of larvse were placed in such positions that 
the ants would — in their anxiety to get at them — 
either have to drop a very short distance, or to 
bridge a chasm by pushing a bit of paper a very 
little way ; but the experiment failed to show that 
they had enough reasoning power to do either, 
though it would have saved a long and tedious 


walk by another route. In another case, a drop 
of only one-third of an inch would have saved an 
ant from a captivity of twenty-four hours, but the 
prisoner, though anxious to escape, was too stupid 
or afraid to venture. 

The general result of the experiments and 
observations shows that ants, though not perhaps 
gifted wdth the very great amount of ‘‘ reasoning 
power that some of their enthusiastic admirers 
have claimed for them, are yet endowed witli 
a much higher degree of intelligence than is 
possessed by any other insect or articulate animal, 
surpassing even the bees and the wasps, which, in 
this respect, come next to them. It has also shown 
that — as might have been expected — all kinds of 
ants are not equally intelligent, and that also 
different individuals and different communities of 
the same species vary in the degree of intellectual 
powers which they possess. But the experiments 
do not enable us to say yet which species of ant is 
pre-eminently the cleverest. Tlie species that have 
been subjected to the test belong to . temperate 
countries, and there is reason to suppose that some 
of the tropical ants are infinitely superior in in- 
stinctive ability. In connection with the intellect of 
ants, it is interesting to note that they are com- 
paratively of recent creation, as they do not make 
their appearance till the Tertiary period, long after 
the less intelligent insects, such as beetles and 
cockroaches, had become abundant. 

In concluding this sketch of the habits of some 
ants, it may be well to remind the reader that many 
other interesting facts have not been even alluded to. 


HOW A BIRD FLIES. 

By Dr. Hans Gadow, New Museums, Cambridge. 


P OETS of all nations, from the earliest times, 
have sung the “Flight of Birds.” Homer 
continually uses it as a metaphor in his finest 
passages, and coined that happy phrase, ‘‘the 
winged words,” so often used since then : words 
which raise the soul and waft it over distant lands, 
and make it “soar” above the clouds in its 
transcendental “ flight.” 

It is the vague indefiniteness about “flying” 
which gives the idea and the movement a kind 
of indescribable charm to the human mind. The 
peculiar fascination of a river over the dead 
flat of a lake is that it invites, yet puzzles us to 


follow it in its free and wanton windings. This is 
just one of the fascinations which birds possess for 
us : they fly we know not whither ; they are our 
favourites among animals, but they would have 
much less attraction if, with all their brilliant 
plumage and their graceful forms, they were des- 
titute of the power of “ flying.” This capacity of 
flying must always render them strange and en- 
viable creatures. Hence we see how men have 
always striven to invent some method or construct 
machines by which to imitate them in their flight 
through the air. It will, therefore, be an interest- 
ing subject to consider “ How a Bird Flies.” By 
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flying” we understand the motion of a living 
animal through the air by help of its wings. A 
balloon does not fly, in the proper sense of the 
word] its progress is quite passive, and entirely 
due to the currents of the air. 

Before we take up the theory of flight, we must 
first consider the construction of birds themselves, 
though a description of only some parts will be 
necessary. The head, neck, and feet, for instance, 
need not be considered. The body of a bird is so 
formed as to cut through the air with the least 
possible resistance. Its outlines are free from all 
angularity and unevenness. This is due to the 
well-fitting arrangement of all the feathers ; they 
are invariably directed backwards, and thus pressed 
the more closely to the body jis the bird passes 
through the air, A longitudinal section of the 
body presents an exact oval, with the thick end at 
the breast and the smaller toward the tail. The 
neck and head are either drawn in toward the 
shoulders or stretched out in front ; so also are the 
feet projected behind or drawn up under the body. 
Hence pigeons and all singing-birds draw up their 
feet to prevent resistance from the air; other birds 
with long feet — as storks and herons, for instance, 
and most of the swimmers — stretch their feet out 
parallel behind. They thus balance the long necks 
which such birds generally have. All birds when 
in flight strive to bring their centre of gravity to a 
point midway between the wings ; but as the centre 
of gravity is always behind the shoulders, we find 
a wonderful arrangement employed to compensate 
this misproportion, and at the same time to diminish 
the specific weight of the whole bird. 

This is accomplished in two ways. In the first 
place, the bones of most birds are hollow. There 
are, however, several exceptions to this rule in 
the smaller bones; but the larger ones, as the 
thigh-bone and the fore-arm, are either completely 
hollow or contain a delicate network of bony tissue, 
so that the greater part of the bone contains air. 
The bones are, therefore, as light as possible ; 
whilst in mammals and reptiles the bones are 
heavier, from their being solid or filled with 
marrow. 

In the second place, in various parts of the body, 
and especially in the abdomen, there are several 
pairs of large sacs with thin walls, which can be 
filled with air, as they are connected by ducts with 
the lungs. Again, some of the larger bones — as, 
for instance, that of the fore arm — have a hole, 
or foraimuy as it is called, near the upper end, 
which is also connected with the lungs, and through 
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which the bone can likewise be filled with air 
(Fig. 2). 

This has been observed in several cases where 
birds had their wings shattered by shot, which 
still could bi'eathe even while their mouth and 
nostrils were held. SuSbcation does not take place, 
as the bird is able to draw air into its lungs 
through the fractured end of the bone. But let us 
return to the unwounded bird. The temperature 
of the blood of birds is higher than that of any 
other animal, being about one hundred and eight 
degrees, that of man being ninety-eight degrees. 
Naturally the air contained in the lungs and all the 
other cavities of the body acquires the same degree 
of heat, and as the expansion of the air caused by 
this warmth increases the size of the air-sacs, the 
whole body of the bird is made specifically lighter. 

Now, what will happen if a bii*d by a muscular 
effort fills all the cavities connected with its lungs 
with such warmed and expanded air 'I — the air-sacs 
even in a bird of the size of a pigeon or a crow 
containing several cubic inches. The whole bird 
in this state might then be compared to a miniature 
air-balloon. All this warm air tends to rise ; and 
although it cannot by itself actually lift up the 
bird — for to lift a bird weighing, say, half a pound, 
would require many cubic feet of warm air — it at 
least somewhat diminishes its weight. That this 
is really the case may be proved V)y the following 
simple, and yet, as far as I know, rarely men- 
tioned experiment : — A perfectly tame bird is put 
on a scale and carefully weighed. When quiet, it 
, weighs, say, if a bird of medium size, fi ve ounces. 
It is then called from a distance, and as it prepares 
to fly, lifting its wings a little, its body simllsy and 
be/ore it takes flight it will be seen that the scale 
marks a weight distinctly loss than that registered 
before. This is to be accounted for in the follow- 
ing way : — Preparatory to flight it fills its cavities 
with warm air, which, as explained above, has the 
effect of diminishing its total wtdght. Naturally 
all this goes on with great rapidity, both the 
getting lighter and starting of the bird succeeding 
each other without a moment’s interval. 

A considerable series of experiments made in 
this way seems to show that the bird regulates the 
amount of air passed into its air-sacs by the dis- 
tance it intends to fly, the longer flight needing the 
greater lightening of the body. 

We see, therefore, that the bird really might be 
likened to a hot-air balloon (a so-called “ Mont- 
golfi^re ”). At the same time, too much importance 
must not be attached to the effect of this heated 
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air. though, of courso, as it lightens the bird some- 
what, it takes off a portion of the amount of work 
which would otherwise fall upon the wings. Again, 
as the largest air-sacs are situated in the abdomen, 



Purcula; A, Hiimeras; pp, Postorbital Processes; <in. Tarso-metatarsus; «i. Meta- 
tarsus ; ma, Lower Jaw ; Metacarpus ; 8, Scapula ; pOt PbalaugM of Foot ; Jl, Fibula, 
pt. Patella ; at, Btemum ; ti, 'nbia. 

whenever they are inflated the centre of gravity 
of the whole bird is shifted forward. 

We now come to consider the active apparatus 
of locomotion, namely, the wings, and to under- 
stand them fully we must first study the structure 
of their bones and muscles. 

Fig. 1 shows the skeleton of an eagle, with one 


of the wings raised. The skeleton of the foreJimb, 
including the so-called breast and shoulder girdle, 
consists of the following bones : — 

The bony ventral, or belly-wall of the trunk, is 
formed by the breast-bone, or sternum. 
The body is slightly hollow towards the 
trunk, and shows on each side of its 
hinder margin generally one notch or 
hole. In the middle line of the breast- 
bone rises, almost at a right angle, a 
longitudinal crest, the so-called keel, 
which itself is of a triangular shape, very 
high, and abruptly rising on the anterior 
end of the breast-bone, and gradually 
descending backward. The whole ster- 
num, and esi)ecially the keel, bears a 
direct relation to the amount of labour to 
bo done by the wings, as the principal 
use of this entire bone is to serve as a 
foundation to which ai*e attached some of 
the principal motors of the ai‘m. Conse- 
quently the keel is very well-develoj)ed, 
and the body of the sternum is an entire 
plane, and only little notched in those 
birds which, like eagles and petrels, are ex- 
ceedingly good fliera, whilst in birds which 
do not possess any, or only little, power 
of flight, like domestic fowls and ostriches, 
the sternum is either deeply notched or 
the keel entirely absent. The greatest 
development of the sternum is seen in 
humming-birds, which birds, during the 
greater part of the day, are hovering in 
front of the flowers, in order to extract 
with their long slender bills the insects 
concealed in the cups of the latter. 

On its lateml margin the sternum is 
connected with and fastened to the ribs 
by the help of several rib-shaj^ bones 
{sternal ribs), most of the ribs themselves 
being united with each other by the so- 
called intercostal ribs. On the anterior 
margin of the sternum there is lodged in 
a groove a very strong bone, which is 
directed upward and outward {coracoid 
hone). Its upper end forms part of the 
shoulder-joint, where it is connected with three 
other bones ; namely, with a rather flat sabre-shaped 
bone, extending backwards parallel to the vertebral 
column {scapula^ or shoulder-blade) ; secondly, a 
rather thin bone, which, uniting with its fellow 
from the other side, forms the well-known “ merry- 
thought” {chmculuj or collar-bone), in front of 
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the shoulder-girdle, between the neck and anterior 
end of the keel. Although the clavicula of birds 
has no connection with the sternum itself, as in 
man, it is, nevertheless, a true homologue of our 
collar-bone. 

The coracoid bone is of the greatest importance 
to birds, as it is connected in the shoulder-joint 
with the humerus, and thus forms the main sup- 
port of the wing and point of resist- 
ance to the fore-arm during the violent 
and powerful up and down strokes of 
this organ. 

The wing itself consists chiefly of the 
following bones : — The hunierus^ or 
forearm, loosely attached and not really 
Fm. a. -Left articulated to the scapula and coracoid, 
8br?ke^ionS5 SO as to give the wing the utmost 
Hoie^hrough possible freedom of motion in almost 

'Which the Air i #• 

from out of the any direction. Near the upper end of 

Lunm enters •' . 

the Bone, humeriis, on the side which looks 

towards the trunk, is a hole in this bone, and it is 
here that the inner cavity of it is in communicar 
tion with the air-cells of the lungs (Fig. 2), 

The other end of the humerus articulates with 
the radius and ulrui^ the two bones composing 
the lower arm ; the ulna is straight and slender, 
and looks toward the humerus when the wing is 
closed ; the radius, on the other side, is much 
stronger, and somewhat bent. On its outer sur- 
face it bears the smaller series of the quills of the 
wing {secondary quills) (Fig. 3). The bones of 
the wrist are not well-develojied, or else coalesce at 
an early age with one another. The fingers are 
generally three in number, the pollexy or thumb, 
being very short, and carrying only a few short 
quills : the so-called spurious wing. The other 
fingers, the index and the middle finger^ support 
the first or greater series of the feathers of the 
wing : the primary quills,^ These bones form, as it 
were, the framework of the wing with the feathers 
attached to them; but in order to expand the 
latter like a fan, and to move this fan, muscles are 
needed. 

That a plane as large as possible may be brought 
to press upon the air, the wings are expanded, 
as said before, in a fan-like form. This is efiected, 
firstly, by an extension of the fingers and other 
bones of the hand ; secondly, by stretching the 
whole arm, as seen in Fig. i. The expanded 
wing has two principal functions of motion — an 
upward and a downward beat, the latter of which 
is a down-pressing of the air. This downward 
* “A Feather : ” “ Science for All,” Vol. IV., pp. 270 7. 


motion, however, is not a single beat, but a very 
complicated action, as the fore and lower arm are 
at the same time brought forward ; again, during the 
end of the downstroke the wing is somewhat closed 



Fig. 8.— Bonal View of MubcIos of Left Wing of Pigeon. 
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and directed backward. To carry out these com- 
plex motions many muscles are needed, and there 
are about thirty employed in the various parts of 
the wing, too numerous for detailed considera- 
tion. We can, therefore, attemj)t to describe only 
a few of the principal ones. First, then, let us 
glance at the back. The space between the scapula 



Pig. 4.— Ventral View of Muscles of Left Wing of Xigeon. 

1, Thumb; ii. Index Finger; p, Great Pectoral Muscle ft he greater part of 
this Muscle has lieen cut off to show the Sub-clavius Musde (s). and the 
M.comcohranfblalis (co) , cZ. Collar Bone, or Merry-thought ; cor. Coracoid 
Bone ; c, Crest of Breast-hone ; Z>, Biceps Muscle ; fr, Tnceiw Muscle ; U 
Teres, or Suprascapular Muscle; tpl, Long Tensor Muscle of Skin 
between Upia-r and Lower Arm (tensor Umgua patagii); a, Extensor 
Muscles of Hand and Fingers *, F, Flexor Muscles of Hand and Fingers. 

and the back-bone is filled by a transverse muscle ; 
the object of this — M. cucullaris^ as it is called — is to 
attach the shoulder-girdle to the tnink and to dmw 
it slightly backward. Farther down, this muscle is 
bordered by another similar one, the Musculus 
Ifynjgissimus dorsi^ which, passing over the scapula 
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to the upper end of the humerus, draws the latter 
backward, and thus partially helps to close the 
wing. 

A somewhat triangular muscle, the M. deltoideus^ 
goes fix)in the dorsal surface of the scapula to the 
anterior margin of the upper arm : it lifts and twists 
the arm. 

In front of this muscle arises another one, with 
short ‘‘ belly,” but very long tendon, which being 
attached to the edge of the wrist, expands the skin, 
which fills the angle made by the fore and upper 
arm when the ami is stretched, and likewise adds 
strength to the whole wing, and holds it taut. 

Tlie largest of all the muscles of the bird are the 
])ectoral muscdes. Tliey till up the entire space 
between the broad breast-bone and its keel, and ai’e 
fastened by means of strong tendons to the upper 
end of the humerus. Their extraordinary develop- 
ment is due to the fact that they have to do a 
greater amount of work tlian all the other muscles 
put together, as they work the downward pressure 
of the wing, and thus have to support the entire 
w(ught of the bird when suspended in the air. 
The underlying sub-clavius rmtscle has a very 
complicated function, which can properly only 
be understood by a careful dissection of those 
parts. It twists, lifts, and attracts the upjier 
arm, according as the wing is oi)ened or closed. 

All the muscles hitherto mentioned are motors 
of the upper arm. The low er arm is moved by 
two or three muscles, which spring from the 
coracoid bone and fore-arm, and are attached by 
long tendons to the ulna and radius near the 
elbow -joint. The hinder one {M. ancoiieus) 
stretches, the anterior one, as seen in Fig. 4, 
bends the lower arm, or, what is the same 
thing, draws it towards the humerus. 

Similar muscles take their origin from near 
the ell)Ow-joint, and by long rope-like tendons 
govern the hand. 

This mechanism and the movements of tlie 
various parts described comprise all the principal 
motions of a flying bird, viz., the lising of the 
laxly, and its propulsion through the air in a 
horizontal direction. 

In order to explain, however, the astonishing and 
wonderful movements and turnings which are so 
admirable in a bird in full flight, we have to con- 
sider another poi-tion of the body, namely, the tail. 
As an illustration of the stinicture and action of 
the tail, let us take a bird of prey. In a hawk the 
tail consists of twelve long and broad feathers, the 
outer and inner webs of which are nearly equal in 


size. They are supported by the ‘^ploughshare- 
bone,” and can be spread out or shut up like a fan 
by special muscles. There are also muscles which 
can raise or depress the tail, and even on occasion 
turn it obliquely to the right or left. 

Every bird, when flying, has to counterbalance, 
and to reckon with, at least two forces always 
against it 

Firstly, it has to raise itself into the air, and 
when risen, to prevent itself from falling dowm : or, 
in other words, it has to counterbalance the down- 
ward tendcmcy to which it is sulyectt^d by the 
attraction of the earth, a force which peu*j>etually 
involves to an unsu{)ported body a fall of about 
sixtocui feet in every second. 

Secondly, the bird, when progressing in a hori- 
zontal direction, has to overcome th(} resistance of 
the air, which resistance increases in proportion 
much more rapidly than the velocity increases, and 
which of course reaches its maximum when a 
strong wind blows directly against the bird. 



Fig. 5.->-Stork8 in Different Positions. (Adapted from a Sketch by 


It seems paradoxical to say that just these two 
forces, which act against a flying bird — viz., its 
weight and the resistance of the air — are the very 
things which make its flight possible at all. No 
bird whatever could fly if it had no weight, and no 
bird or other animal could move through the air or 
water — nor could a boat be propelled through the 
water — if the very same element which is to be 
cut through did not offer resistance enough to 
stem the feet or paddles against it, or in our case 
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to press the wings against the air, and so to act 
like a pair of levers. 

When a bird intends to fly, it first makes itself 
as light as possible by filling its air-sacs with warm 
air, as described above ; the next thing is to get 
momentum by starting. This is very easy for a 
bird sitting on a tree, or, for instance, a swallow 
staitiing from the eave of a house. In this case 
the bird simply lets its body drop or fall, and so 
gains momentum, which, altliough at first directed 
downward according to the law of gravitation, 
soon after, by the help of its wings and tail, is 
modified into a forward direction, as we shall see. 

It is much more diflScult for a bird to start from the 
flat ground, as in this case it cannot get momentum 
by a fall. Let us take a stork as an example. He 
lifts his wings from their ordinary closed position, 
and throws his tody forward, and gives it a sudden 

impulse by one or more 
very forcible leaps into 
the air. Already during 
the first leap he has 
expanded his wings to 
their full extent in a 
somewhat upward di- 
rection, and beats down 
upon the air with great 
force. Immediately 
after there follows 
another leap, sup- 
ported by another lifting up and beating down of 
the wings. Other heavy strokes follow, the legs 
are stretched out tohiiid, the whole tody takes a 
more horizontal j>osition, and the bird rises 
obliquely upwards, now only sui)ported by its 
wings — in brief, it flies (Fig. /5), 

How the rising part of the flight is effected is 
easy enough to exj)lain. We must call to mind 
the form and construction of the wings. When 
fully spread, each wing exhibits a large plane, 
the upper surface of which is convex, the under 
surface concave ; the anterior margin is thick 
and strong, and near the tones, while the hinder 
margin is tliin, flexible, and Idghly elastic, as 
it is formed by the primary and secondary quills. 
These quills undorlap each other like tiles of 
a roof, and in this way the inner, viz., the softer 
and broader web of one quill, is overlapped by 
the outer web and the shaft (that is to say, by 
the stronger and stiff part) of the next following 
quill. The result of this arrangement must be 
that, the wing being moved downward, all the 
quills by the pressure of the air are closely pressed 


against each other, and prevent the air from pass, 
mg through. Again, as the wing in a transverse 
section has the aspect shown in Fig. 6, the 
beaten air is driven impetuously against the con- 
cave and strongest part of the wing into the hole A. 
It is prevented by the forward and downward 
motion, and by the form of the anterior margin of 
the wing from escaping in front of the latter, but 
can only find an outlet on the hinder margin, and 
by its escape presses the terminal part of the 
quills slightly upward. The recoil of these quills, 
due to their elastic nature, is then transferred to 



Fig. 7.— Diagram showing the Raising Effect of the Downstroke of 
the Wings. 
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their I'oots, that is, to the active part of the wing, 
and in this way gives a forward and upward 
impulse to the bird (Fig. 7). 

That this propelling force of the wing, even when 
not rowing, but simply pressing the air downward, 
is mainly due to the structure of the quills them- 
selves may easily be proved by the following simple 
exj>eriment. 

If we take one of the long primary quills of an 
eagle, and try to move it quickly in a vertical 
direction downwards, preventing it at the same 
time from turning on its long axis, it will describe 
a way not vertically but obliquely downward and 
forward. The air from below presses upward with 
a much greater force against the broad, thin, and 
elastic inner web than against the nanx)w and rigid 
outer one, and as the strong shaft is much nearer 
the anterior, or outer, margin of the quill, the 
whole feather acts like a wedge. 

Again, if uistead of a single quill you take a 
whole wing, which has been dried in its expanded 
form, and if you move it forcibly downward, you 
will find it extremely difficult, or, if the wing be 
large enough, simply impossible, to make with 
your arm an absolute downstroke : the wing will 
invariably msh in a forward direction. 

The whole wing, however, acts (to return to 
our bird) exactly like a lever with one arm, the 
fixed point being the shoulder-joint, the free arm 



Fig. 6.— Transverse Section of a 
Wing near tip of Thumb. 
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(upiH>r and und<*r wing c<iverts, c, d), 
i air; 
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deing represented by the long axis of the bird’s 
wing, and consequently causes the bird to rise 
vertically in the air. (See Fig. 7.) The body of 
the bird here follows exactly the same principle as 
a boat with two oars. The air is the water, the 
two wings are the two oars ; but the horizontal 
motion of the boat and the forward and backward 
motion of its oars are to be substituted for the 
vertical upward and downward direction of the 
bird’s wings. 

We have now seen that a downstroke of the 
wings causes the bird’s body to rise ; but as one 
single stroke would be insufficient to counteract 
the gravitation — the falling force, as the rising 
motion is only the effect of the surplus of upward- 
directed force over the falling one — the bird 
requires a perpetual series of downstrokes, or 
peq)etual surpluses. In order to make a new down- 
stroke it has to lift its wings again ; but that this 
upstroke may not have just the opposite result, 
viz., of pressing the bird down again (as if we were 
suddenly rowing backwards), is prevented by the 
wonderful structure of the wing. During the up- 
stroke, naturally, the air rushes against the upper 
surface of the wing ; but this surface is convex, 
and, what is also of great importance, the air can 
easily pass through the wing between the feathei’s 
from above. Of course during, and because of, 
the upstroke the bird must fall, but in order to 
make this fall as short as possible the upstroke 
takes a much shorter time than the downstroke. 
This finds a j^roof in the force with which 
some pigeons strike their wings over their backs, 
producing that clapping noise which is familiar to 
every one. 

The resistance which the wing meets with during 
its upstroke, therefore, is considerably smaller than 
the resistant power of the air during the down- 
stroka This difference, the sui^plus of the latter, 
has the raising effect. 

This force — ^which, let us say, is equal to a — ^is 
used for two purposes. Firstly, to counterbalance 
the gravity, a — g is the surplus left for raising 
the bird higher with every stroke. If a be equal 
to g^ the result will be that the bird remains in the 
height once gained. This we can see illustrated 
by a kestrel hovering in the air, watching the field 
below, and eagerly looking out for a quarry. In a 
calm atmosphere it moves its wings rapidly, but 
with short, quivering strokes, just sufficient to 
support itself in the air. Here the upward and 
onward momentum gained by the wing-strokes, 
minus the force of gravitation, equals 0. 


If a wind is blowing, the bird acts, as we shall 
see further on, like a boy’s kite, and saves some 
muscular exertion. Thus the kestrel, if it wants 
to remain at the same place in the air, closes its 
wings somewhat, so as not to offer so great an 
acting surface to the wind (which would drive 
it backwards), and moves the wings only very 
slightly, and can even remain almost motionless for 
several seconds. 

This action of hovering is always a very great 
task for a bird, and it is only excessively good 
fliers that can perform it. But there is another 
organ to be mentioned : namely, the tail. The func- 
tion of this is often over-estimated, as we frequently 
find it stated that the tail is the principal organ for 
directing the flight to the right or left, and that it 
is generally spoken of as a rudder. That this, 
however, is the case only to a very limited extent 
is proved by birds which have lost their tail by 
accident, and which still preserve their capability 
of turning. Again, there are many excellent 
fliers — for instance, the swift — the tail of which is 
rather poorly developed. 

The main function of the tail is that of 
balancing. Let us take for illustration our hovering 
kestrel-hawk. If hovering in a perfectly calm 
atmosphere, the tail of the bird is nearly closed, 
but if a breeze is blowing, we see that the tail is 
fully expanded, and, like the whole bird, directly 
opposed to the wind ; it forms the prolongation of 
the longitudinal axis of the bird, and the whole 
line from the neck to the tip of the tail makes an 
angle with the horizontal line. Now, it is clear 
that the wind rushing against the under surface of 
the whole body to a great extent presses against 
this fan, and causes the bird to lise, as the latter is 
now in the exact position of a boy’s kite. The 
drawing forward of the kite, effected by the boy 
holding the string, is represented by the gentle 
motions of the wing, which in this case are so directed, 
and made with such a force, as to counterbalance 
the downward tendency to which the bird is sub- 
jected by the law of gravity. 

Besides this raising effect, the tail has also the 
power of arresting the progress of the bird by the 
sudden resistance offered to the wind, and this 
needs no explanation. 

There are, however, several instances in which 
the tail might really be compared to a rudder, but 
not, as in a ship, working in a horizontal, but in a 
vertical direction. To be able to work thus the 
bird must be in progression. If the tail is 
fully spread out and sharply inclined downward, 
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BO that it makes an open or even right angle with 
the long axis of the trunk, the tail then causes a 
sudden resistance to the air rushing against it, and 
acts like a rudder, with the effect of pressing the 
hinder part of the body up and the front part down, 
and thus changing the horizontal forward motion of 
the bird into a new and downward one. At the 
same time, however, the wings will be turned on 
their axis, so as to present to the air the upper con- 
cave surface of the wings, and this, of course, will 
greatly assist the descent of the bird. 

The lifting up of the tail will have the opposite 
effect, and will help the bird to rise. 

Again, as the tail can be depressed in a slightly 
oblique direction, with one side higher than the 
other, it thus will help to turn the flight either to 
the right or to tlie left. 

But as there are many birds which have only a 
very short, and consequently rather ineffective, 
tail, and which still make the most beautiful and 
most astonishing turnings, it is clear that these 
could not be effected by this organ, and that the 
bird must produce these evolutions by some other 
means. Again, as the two wings always beat 
synchronously, the turning cannot be produced, as 



Fig. 8.— Diagxam of the Couree takem by a Hawk swooping down 
upon its Prey. 

f the Bird at a velocity t>; 6. Point where the Bird 
nward, hy closing its Wings and depressing its Tail ; 
;o which, by its original velocity alone, it would have arrived. 

. time t; g. where it actually is with the assistance of the force of 

gravity; «/, the way the Bird would descend If, l»etween e and/, the Thil 
and the Wings did not begin to act again, and to direct the couise into a 
more horizontal one. Thus the Hawk is enabled to seize its prey without 
arresting its flight, and to rise again at once into the air. a. Position of 
the Hawk between <t and s. b, Ihe Hawk with its Quarry at IL 

was often supposed, by beating with one wing 
alone, whilst the other is at rest. But in all pro- 


bability the wing on that side to which the bird 
wants to turn, say to the right, is partially closed — 



Fig. 9.— Two Gulls. 

A, Showing Position of Wings near end of Downstroke, Wings partly closed. 
Flight horizontal ; is, Position of Wings when Head and Beck are suddenly 
turned downward and to the right. 

the hand with the primary quills being slightly 
drawn in — and the left wing, as both are making 
the same number of strokes in a given time, gains 
a sur|>lus of force over the right one. It gives a 
greater i>ropelling force to the left side of the 
body, and therefore turns it round to the right 
(Figs. 9, 10). 

Another way of turning is the inclination of the 
transveraal axis (that from tip to tip of the ex- 
panded wings) to the horizon. How the bird shifts 
its centre of gravity from one side to the other we 
do not exactly know, but that it actually does so is 
undoubted. It may be — if it wants to turn to the 
left — that it allows the air to press against the 
upper surface of the left wing, by turning tlie arm 
slightly on its long axis from above forward and 
backward, whilst on the other wing the wind 
presses against its under surface. 

No bird gives a better illustration of this kind 
of turning than the albatross, whose unequalled 
flight over the stormy waves has supplied a 
theme for so many voyagers. One of the most 
scientific accounts is that given by Captain T. W. 
Hutton, from whom I quote the following lines : — 
“ If he wishes to turn to the right, he bends his 
head and tail slightly upward, at the same time 
raising his left side and wing, and lowering the 
right in proportion to the sharpness of the curve 
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he wishes to make, the wings being kept quiet the 
whole time. To such an extent does he do this, 
that in sweeping round his wings are often {)ointed 
in a direction nearly perpendicular to the sea, and 



Fig 10. 


Thp two flfnm fl Bhnw thr more or less wrpendicular direction of the stroke 
of the Winff In the fliKht of the Bird (Gull)— how the Wing is gradimlly 
extended as it is elevated (e/o)— how it descends as a long lever until It 
assumes the iKisitioii IndicattMi by A— how it is flexed towards the ttTiui- 
natlon of the downstroke, as shown at h i j, to convert it into a sliort 
Lever «i ft), and prepare It for making the upstroke. The difference in the 
length of the Wing during flexion and extenalon is indicated by tbe fehort 
and long levers, a ft and e d, {.After rettigrew.) 


this position of the wings, more or less inclined to 
the horizon, is seen always and only when the 
bird is turning.” 

The rising in a perfectly calm atmosphere will 
always de|)end on the amount of force with which 
the air is pressed upon in a downward direction. 



The same as In Fig. in, seen from the front. The upper figure show's the 
r(|sitiunof the Wings during the Uiwtroke, during which the hialy is 
falling, as indicated by the arrow, «. In the low’er figure th<* Wings are 
B«‘n M three different iNisilinns during the Downstroke ; the Body of tbe 
Bird IB nsnig, ns shown by the arrow, r. (4/lcr l*eUigrew.) 


This, again, may be accomplished in two ways : 
either by many strokes following in rapid succes- 
sion in a given time, or by a few but more vigorous 
strokes. Thus we see that birds with deeply 


concave and short rounded wings, such as par- 
tridges or sparrows, make so many up and down 
strokes in every second, that we perceive nothing 
but a whirring motion, and we are utterly 
incapable of counting the strokes ; whilst, on the 
other hand, an eagle, a gull, or a heron, with 
\ excessively long and large wings, makes only a few 
j strokes, i)erhaps two or three in the same time, 
i as their wings act as long, and therefore more 
I powerful, levers. 

So far we have mainly spoken of the motion of 
I the wings in a vertical direction dunng the up 
j and down stroke. But as these are not the only 
I motions of the wings, let us now inquire into tbe 
1 actual course desciil)ed by the wings in the air, and 
® into the active jirojielling force of these organs as 
far as they resemble oars. 

Here it is where we meet with the greatest 
difficulties, and with entirely irreconcilable dis- 



AGiill, Bhowing the different PoHitions of the WIngB : three during the TTp- 
iitri)ke (BligliTly drawn, n ft c), and three during the DownBtrnke (gtrongfy 
marked, def). The curve, ci ft r d c/, BhoWB the way of the tip of the 
Wing, the rlncknesB of the line imlicnting the BUpponed diBtaoce of the 
PointH o/ from the Ri)<"Ct»itor’B eye. TIpib, at o the tip of the Wing liaa 
reached ItB moBt backward ixiint (bo ro apeak) behind the iilaru* of the 
liaixT. From there it gradually riw'H and reaehea the plaui' of th<' pa|aT 
at c; from e to d it Ib thrown forward and dfiwnward, having reached it* 
ueareBt diKtance from the eve at d, Ac. Of courHe, thiTi* would be a 
closed curve only, if the bird's body were thought inotiruilenB and only 
the wings moving. If the bird were in progreBSion, this irregular hut 
closed curve would be altered Into a cycloid one, ate Pig. iS. {.Adapted 
from Fettiyrew.) 

crepancies of opinions regarding this problem — 
difficulties which seem to be caused by the fact that 
different families of birds, and even different 
species, exhibit great modifications in their mode 
of flight. 

The main propulsive force of birds lies in the 
primary quills. This is proved by experiments 
made by M. Marey and Professor Pettigrew. A 
bird with mutilated primary quills can scarcely fly 
at all, or its flight is altogether stopjied, whilst the 
clipping off of the secondary quills generally causes 
but slight inconvenience. At the beginning of the 
downstroke the wing moves nearly vertically 
downward, then slightly forward, then downward 
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Bud more and more l[)ackward. In unison 
with the commencement of the downstroke, as 
Marey says, “ partly from the resistance of the air, 

partly from the 
arrangement of 
the muscles, the 
wing turns rapidly 
about its axis. 
The result of this 
combined beating, 
rowing, and screw- 
ing movement of 
the wing is that 
the bird is forced 
upward and on- 
ward. 

Near the end 
of the downstroke 
the wing is slightly 
bent or closed 
(Fig. 10). The up- 
stroke begins with 
a motion first 
backward, then obliquely upward and forward into 
its original place again, the under or concave 
surface being the whole time directed obliquely 
forward. The tip of the wing thus describes 
an irregular circhi, w^hich, through the pro- 
^ gressive motion of the whole 

bird, is altered into a cycloid 
curve (Figs. 11, 12), while the 
humerus describes a real cone, 
the apex of which lies in the 
shoulder-joint (Figs. 14, 15). As 
the wing is somewhat closed, or 
at least bent, in the wrist, all 
the pidmaries being thus directed 
^ backward, the tip of the wing 
is nearer the body at the 

PiK-U-ConrseofTip of the upsti-oke than 

of winf? seen from at that of the downstroke, 
the side, the Bird not . . . 

being in progression, when it IS generally fully 




stretched out, 


Consequently, 


- , n« t 

hiffhrstPlovation or the /» 7 1 1 ^ 

Tip ; 1-e, Transverse Seen from abov€, the tip 01 the 

Sections throiiKh tlio . .1 . 

desciibe a hgure 
fi 7 .on° like that shown in Fig. 13. 

&argin?f Another peculiar kind of 

flight to be mentioned is that 
of a woodpecker, thrush, or wagtail, or othei\s, 
which give us an excellent illustration of the 
way how the momentum gained by falling is used 
for . producing an onward motion. At the same 
time, it shows very clearly the result of tlie action 

214 a 


of the wings and tail. The wings of sucli birds 
are short and rounded ; their body has, in ratio to 
the area of the wings, a rather large weight. The 
wings, therefore, can only press with little force 
upon the air, and these birds would have to move 
their wings as rapidly as partridges. But this is 
very fatiguing, and costs a great deal of animal 
heat and labour, and could only be carried on for a 



Fig. 15.~CourBe of Tip of Wing, seen from tbe side, the Bird 
being in Progression. 


Letters as in previous Pig. The wav, a he, of each Cycloid Curve is shorter 
than the way c d/, as the Upstroke is delivered in a considerably shortei 
time than the Downstroke. 

short time through a short distance. Thus this 
kind of progression does pretty well for Viirds 
which, like game-birds, pass most of their lives on 
the ground, and as a rule take to flight only in 
case of danger ; otherwise they prefer to run. But 
for a bird which has to migi'ate, and which passes 
its life in the air or in the trees, this kind of 
progression would not do. 

As it is impossible for them to make effective 
slow strokes with their short wings, they give up, 
so to speak, the continual motion, as too fatiguing, 
and make as few strokes as possible. A wood- 
peckei', for instance, with its heavy body, extremely 
short wings, but rather long and very stiff tail, shows 
this very clearly (Fig. 16). It begins its flight like 
other land-birds, rising first by means of rapidly- 
repeated strokes of the wings. But it is when the 
bird is in full flight that it exhibits the peculiarities 
of the latter. In full flight, let us say, it proceeds 
with a velocity of twenty feet per second. At the 
point A we see the woodjiecker suddenly entirely 
close its wings, pressing them close to its body. 
Its course through the air is now defined by two 
simple forces : first, by its momentum, which 
drives it in a horizontal dii’ection (twenty feet 
per second) ; secondly, by gravitation, which causes 
it to fall during the first second through a 
distance of about sixteen feet. These two forces 
will direct its courae according to the parallelo- 
gram of forces. At the middle of the first second 
the bird will be seen at B. Without being sub- 
jected to the law of gravitation, it would then be 
at a' ; as the figure shows the falling force having 
increased the velocity of the bird, the w'ay A B is^ 
longer than the way a a'. 
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A little later the bird will be found at c, and, of 
course, would soon fall obliquely to the ground if 
it did not want to reach the tree t. Therefore, 
after it has fallen through some distance, whilst 
resting its wings, the bird spreads its tail, and bends 
this as well as its head and neck up, and lets these 
parts act like a stern- and bow-rudder. The result 
of the air rushing against these rudders will be a 


naturally the acquired momentum must gradually 
fail, which failure is mainly due to the resistance of 
the air, the bird at E renews it by a few new 
powerful flaps of its wings, and thus reaches the 
point corresponding to a, let us say, after two 
seconds and a half. It has, in order to get from 
the place a to the place p, described the much 
larger curve, a B c d e f, but with the least possible 



Pig. 1(5 -DiAr.RAM OF Flight of a Wooi>peckfr. The Vertical PiacRER from 0 to Inmcate the HF.urHT in Feet above the 
Groukp; the Horizontal Numbers the Groukp oive the Distance in Feet; the Figures on the Top Line refer to tub 
Time given in Seconds. Thus, it takes the Bird Two Seconds to get from A to F, 


change in the coui'se of the bird into a curve, wdtli 
the concave side directed upward, b c d E. The 
momentum the bird has gained by its fall from A 
to E, combined wdth the original momentum of 
twenty feet, amounts now, j^rhaps, to thirty feet 
per second ; consequently the air presses against the 
rudder-like parts wdth the same force, and this must 
have a great efiect — ;just as a boat obeys the 
rudder more quickly the faster it goes. But as 


muscular effoi't. Then follows another curve like 
that one described, and so on, till the tree is 
reached. Or, if we take a wagtail on migration, 
its way consists of such curves, one following after 
the other almost ad infinitum; but during more 
than half the time of its flight the wings of such 
a bird are at rest, and the bird saves a great deal 
of niiLscular exertion while on its long, long flight 
to other climes. 


THE TELEPHONE AND MICROPHONE. 

By Park Benjamin, Ph.D. 


T he electric speaking telephone is of too recent 
production to render any account concerning 
its origin free from the difliculties and draw- 
backs always inherent to the recital of contempora- 
neous history. It is questionable whether any 
great invention was ever made which has proved 
such a proli6c source of contention in so many 
diverse respects. No electric apparatus is more 
free from mechanical complication. It is the only 
one literally in the hands of the people. The tele- 


graph, the electro-motor, the multifarious devices 
for electric lighting, the galvanic battery — all in 
greater or less degree require skilled manipula- 
tion and control ; but the telephone requires no 
more operative ability than does the speaking-tube. 
Yet no human contrivance is more marvellous in 
its capabilities ; and of these there is abundant 
reason to believe that we have barely approached 
the fulness of the knowledge that is to come. 

The history of the telephone begins with a 
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semi-prophetic publication made in 1854 by 
M. Charles Bourseul, who suggested the possi- 
bility of transmitting speech by electricity, and 
even proposed the outline of an apparatus 
which, though quite inadequate for the pur- 
pose, nevertheless pre-figured the fundamental 
idea that a sound made in one place might be 
copied at a distant place through the agency of 
the electric current sent over a conducting wire. 
Following Bourseul came Johann Philipp Reis, a 
Geiman Professor of Physics, who in 1860 and 
during the three following years produced several 
instruments with which he succeeded in transmit- 
ting musical soimds, and even occasionally words, 
by a membrane vibrating against a strip of 
platinum. No issue in all the great telephone 
controversy has been more fiercely contested than 
the question of whether Reis did or did not actually 
transmit connected speech. The truth probably is 
that Reis tried to transmit speech, knew the theory 
which should be followed in devising any apparatus 
for the purpose, and made contrivances in the hope 
of succeeding, but never did fully succeed, though 
there is no doubt that occasionally words would 
Hash through his machines, astounding his auditors, 
and subjecting Reis himself to all the tortures of 
Tantalus ; or that, at times, he heard that curious 

ijpper voice ” in his instrument which many ex- 
perimenting with it in later days have so often 
remarked, and which just does not articulate, but 
which one cannot help thinking would do so if 
one’s hearing was just a little l)etter. The most 
singular phenomenon attending Reis’s work is the 
infinitely small distance which separated him from 
triumphant success and undying honours. Half a 
turn of a screw perhaps, a weight a littk> heavier, a 
spring a little stronger, would have bridged the 
gap, and the speaking telephone would have been 
completed fifteen years before it startled the world 
as the greatest of electrical marvels. But that little 
dilTerence meant all tlie l ast gulf which separates 
success from failure. 

A year after Reis’s death, Alexander Graham 
Bell, working at this same problem of the electrical 
transmission of speech, found by accident while 
experimenting on a multiple telegraph, which he 
had before invented, that the pulsations in the 
air due to the human voice in singing and sj>eak- 
ing had energy enough of their own to move a 
little tongue of metal ; so that when this tongue 
was thus vibrated before the pole of an electro- 
magnet, currents would be caused in the coil of that 
magnet. He reasoned from this that tlie currents 


in the coil would copy or imitate the air-waves due 
to the sound, and thence that, if he could move 
something at a distant station by these currents, he 
might even reproduce at that distant point similar 
air vibrations, and hence like sounds. He made 
some machines, but they failed to operate. Many 
months elapsed before he finally made instruments 
which would transmit and reproduce speech, 
although very imperfectly. These he exhibited 
to a chosen few at the Centennial Exposition at 
Philadelphia in 1876, But it was not until after 
that that he finally perfected the instrument which 
bears his name as the Bell telephone, and which 
is still generally used as a receiving instrument, 
though for sending or transmission other instru- 
ments are now generally emidoyed. Notwith- 
standing this latter fact, Professor Bell’s claims 
have been supported in the United States by a 
patent which has been judicially construed to cover 
the whole art of transmitting speech by electricity, 
and an enormously rich and powerful corporation 
has asserted the monopoly secured by the patent 
with inflexible persistency. In England, legal 
obstacles prevented 
(|uitc such a sweep- 
ing control being 
maintained. 

How does the mo- 
dern telephone talk ] 

Let us look at the ap- 
paratus. There are, 
as we see, two se- 
parate contrivances, 
one of whicli is ap- 
parently a box sta- 
tionary and fastened 
to the wall. Into a 
recess in a door in 
the front of this box, 
or transmitter, as it 
is termed, we talk. 

This is the tele- 
phone’s ear. The 
other contrivance 
we hold to our ear 
and it talks to us, 
and this is called a 
receiver. It is the Fig. i.— B uke’s Miprop^ou?. 

telephone’s mouth. 

In the United States and Great Britain the trans- 
mitter in common use is known as the Blake micro- 
phone, after its originator. It is rather an inferior 
machine as compared with newer forms, but a great 
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many thousands of such instruments are in operation. 
If we oi)en the door, we shall see what is repre- 
sented in Fig. 1, that is, a thin plate of iron marked 
M, which we seemingly talk against through a little 
hole ; a little platinum cylinder marked which is 
held by a sj)ring against this plate, or dia})hragm, as 
it is called; and finally, a heavy button of brass 
marked in front of which is a piece of smooth 
hard carbon which bears against the little cylinder. 
The brass button is also held by a spring. There 
are, besides, movable supports and adjusting screws 
which, as we can readily see, must serve to press 
the diaphragm and the little cylinder and the 
carbon-faced button together. 

Now the little platinum cylinder and the 
button Avhicli rests in loose contact with the 
cylinder, are tlie most important parts of the in- 
.stiniment. In Fig. 2 they are sketched separately, 



and we have added to them the usual conventional 
rej)resentation of a galvanic battery and a circuit 
wire. The cun-ent from this battery goes first to 
the spring which supports the little platinum 
cylinder, then to tlie cylinder itself, then over to 
the carbon on the brass button and along the spring 
that carries the button, and so back to the battery. 
We have also placed a diaphragm or sound- 
receiviug plate in front of, and touching, the 
cylinder, and we have put the wire from the 
battery in connection with a receiver, at which we 
suj)pose some one else is listening, and the con- 
struction of which we shall explain presently. 

Now we are ready to transmit sp(?ech, because 
in Fig. 2 we have everything that is necessary to 
enable us to do so. Indeed, with just these simple 
parts put together — and the actual Blake trans- 
mitter merely adds some convenient adjusting 
devices — we can send speech j)erfectly well. 


Here is a wire with an electrical current 
running over it; and observe that the same 
cuiTent goes through the loose contact from 
cylinder to button ; note, further, that bearing 
against this cylinder is the diaphragm, to which, 
however, no current goes. The whole wonderful 
work of this instrument is done at, and by, that 
little loose joint, that point of loose contact between 
the cylinder and button. The forefinger of the 
hand in Fig. 2 points out the exact place, and so 
we reach one of the most singular and curious 
facts involved in the electrical transmission of 
speech. 

A current of electricity in a wire behaves very 
much like a current of water in a pipe. If the 
pipe is reduced in size, or if obstructions of 
any sort are put in it, the water current is 
impeded, and encounters resistance to its flow. 
An electrical current may meet resistance in much 
the same way, and the greater this resistance is, the 
less becomes the strength of the current ; conse- 
quently, if more resistance be interposed at one 
time than another, the current will be weaker at 
intervals. Certain substances, such as the metals, 
conduct electricity much better than other sub- 
stances. Carbon, for example, while conducting, 
nevertheless oflers considerable resistance, and an 
air space between the separated ends of a con- 
ductor presents so much resistance that only the 
most i)owerful batteries can drive a current 
through an air S])ace a quarter of an inch long. 
Between the contact-points of the loose joint in a 
telephone transmitter there is a film of air, and, 
besides this, the material of one or both of the 
parts of the joint is usually carbon, so that the 
joint forms a place of high resistance to the 
current. If, how'ever, the pai’ts of the joint are 
brought more closely together, the resistance to the 
current is diminished ; while if they are allowed to 
move away from one another, the resistance is 
increased. In the transmitter those parts never 
separate ; they simply move toward or from one 
another over distances too small for human compu- 
tation, but nevertheless large enough to produce 
decided variations in the strength of a current 
passing through them. Let us illustrate this 
again by a water current. Suppose w^e have a 
tank of water, from which extends an india-rubber 
tube, through which the water flows; clearly by 
simjJy squeezing the tube we diminish its sectional 
area, and so less water can run through. We 
accomplish the same thing in turning a stop-cock. 
The loose joint acts veiy like a valve or stop-cock 
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to the electrical flow, and it gives us a means of 
varying the strength of a current at will. 

But there is one very remarkable difference be- 
tween working the water valve and the electrical 
valve. Talking to a water valve will hardly alter 
the water flow, but talking to the electrical valve 
will do so with delicacy ; this has next to be ex- 
plained. Sound is due to vibrations or waves 
produced in the air. The strings of a violin or 
the human vocal chords, in vibrating, set the air 
in motion, in actual waves, in which the air 
particles swing to and fro, just as do the water 
particles forming a wave of the sea. The sea 
waves, we know, may have immense power, tossing 
the heaviest vessels like egg-shells, and beating 
down the strong walls and bulkheads. The same 
power resides in air waves. The explosion of a 
dynamite factory or powder magazine often pro- 
duces air waves having energy enough to level 
adjacent buildings, crack walls, and do other 
damage for miles around. Of course, the little air 
wavi^s produced by our voices are infinitely weak 
by comparison, and yet they have abundant strength 
to work our electrical valve. All that we have 
to do is to direct them upon it, and they will 
move its parts in unison with themselves, press- 
ing them together when they dash upon them, 
allowing them to move in the opposite direction 
when they recede, just as the surf coming on 
the seashore hurls the loose stones on the shore 
together, and then, flowing back, scatters them 
again. 

We can form no conception of the inlinite small-, 
ness of the sound wave, and of the infinite delicacy 
of the electrical stop-cock which responds to the 
changes in the character of the movements of the 
air particles. Yet the water analogy will help us 
a little. Waves on the ocean vary in height and 
vary in length, and the ripples on the surface of 
one big wave may be longer and higher than the 
ripples on tlui surface of another big wa^’e. In 
sound waves, the louder the sound the higher, so 
to speak, is the wave ; the shriller the sound, the 
shorter the w^ave ; and finally, wliat is called the 
timbre or quality of the sound — that peculiar 
characteristic which distinguishes the voice of a 
man from the voice of a child, articulate speech 
from inarticulate noises, the tone of a violin from 
that of a flute — is du() to the minute ripples on the 
large sound waves. Now, not only must the elec- 
trical stop-cock respond to the diflerences in loud- 
ness of sound, and to the differences in frequency 
of the sounds, but to these infinitely minute, 


subsidiary, superimposed waves. For example, the 
sound due to the note an octave above middle c 
of the musical scale has 512 vibrations in a second, 
and there may be imposed on this, by a woman’s 
voice in singing, as many as 22,000 tiny “ quality ” 
or timbre vibrations in the same time. Yet so 
marvellously delicate is this electrical stop-cock of 
a loose contact, that it will exactly turn off and on 
tlie current more or less, in response to every one 
of these infinitely small movements of the air, and 
it will thus apparently set the current vibrating 
through the wire in exactly the same way. 

The sensitiveness of the microphone or resistance- 
transmitter depends wholly upon the delicacy of 
the contact at the parts of the loose joint. Fig. 3 



represents one of the earliest, and, at the same time, 
one of the most sensitive forms of these instru- 
ments. D is a platform on which is erected a 
vertical board, a. To this board are affixed two 
carbon blocks, c c, between which the carbon rod 
A is placed so that it rests upon the lower block 
by its own weight. The cur- 
rent is conducted through the 
blocks and rod by the wires 
X //. When a telephone re- 
ceiver is connected in circuit 
with tlie instrument, sounds 
ordinarily wholly inaudible to 
the ear can be clearly heard. 

An even simpler microphone 4. 

can be made of three nails, 
disposed as shown in Fig. 4, and connected in 
circuit with a battery, b, and telephone receiver, 
T. Any loose joint between substances through 
which a current of electricity can pass, may thus 
act as a transmitting telephone. No matter how 
the contact-pieces are made, no matter how they 
are supported, so long as they are really held in 
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loose contact, they can be made to transmit speech. 
Two silver coins, one laid on the other, two bits 
of coke or coal, the loosely-connected ends of a 
stretched wire, a pinch of powdered coke, a hand- 
ful of shot : any of these is a telephone transmitter 
or microphone. These simple devices were first 
systematically studied and made public by Pro- 
fessor Hughes in 1878. Of course great dif- 
ferences in efficiency follow nice adjustments, and 
the use of devices for that purpose, but essentially 
nothing more than any" one of the above examples 
is needed.* 

Now we can begin to see how the telephone 
transmitter works. It makes the electrical cur- 
rent vibrate just like the sounding air. It makes 
waves in the cun’ent corresponding exactly to the 
air waves, and just as the s(‘a transmits the wave 
movement on and on, perhaps for hundreds of 
miles from the point at which it starts until the 
last wave breaks on the shore, so the electrical 
wa^es emanating from the vibrating diaphragm 
are transmitted through the wire until they reach 
their destination. And thus we produce at the far 
end of our wire, waves of electricity corresponding 
with the air waves made by our voice in speaking. 

But we cannot hear these elect^'icaJ waves. 
The end of the wire put to our ear will reveal 
notliing. Tlie ear can take cognisance only of 



Fig. .*). — Bell’s Telephone. 

sound waves in air. This brings us to the 
receiver, which is easily recognised from Figs, o 
and 0. This is, in fact, a machine for transforming 
electrical waves into sound waves, and as such is 
the converse of the transmitter, which, as we have 
seen, changes sound waves into electrical waves. 
In Fig. 6 is represented a receiver cut in two 

* With all the telephone transmitters at the present time 
induction coils are used. How induction coils are made, and 
their general use, the reader will find described in the paper on 
the “Wonders of Induction.” Tlie induction coil of the Blake 
transmitter is shown at j in Fig. 1. Tlie contact' pieces and 
battery are connected in the juimary circuit, and the secondary 
wire of the coil leads to the line. The i>riucipal object is to 
increase the pressure of the modified current, so that it may 
overcome the resistance duo to long linc^, and thus enable 
speech to be transmittCMl over greater distances than if the 
direct battery current were used. 


lengthwise, so as to exhibit its inner mechanism. 
Fii-st, there is a long bar of iron, w?, whicli may 
or may not be permanently magnetised. On 



■*^ig. 6.— Bell’s Telephone. 


one end of this bar is a coil, h, of carefully in- 
sulated wire, and in front of the coil is arranged a 
thin iron plate, e, which, however, touches neither 
the coil nor the inclosed bar, although it is set 
^ ery' close to the end of the latter. To tlie end 
of the wire coil is attached the wires d rf, leading 
from the binding-screws v v, to which are con- 
nected the line wire from the transmitter and the 
wire leading to the ground, so as to complete the 
electrical circuit through the instruments. Now 
we have a complete telephone system. When the 
current comes over the wire, it runs through the 
coil around the iron bar or core, and in so doing 
it makes the bar a magnet. When tluj current 
stojis, the receiver-core is no longer a magnet. 
When the current gets stronger, the bar is a 
stronger magnet; and when the current weakens, 
the bar is a weaker magnet. But, as has already 
been explained, our current is being Auried in 
strengtli in a way exactly corresponding to the 
sound waves produced by the voice; and as the 
current controls the magnet, the result will be that 
the magnet will vary in attractive strength corre- 
spondingly^ with the current. In front of our mag- 
net is the thin iron plate, held at its edges like a 
drum, and this the magnet, as it strengthens and 
weakens, can attract and release, and so this plate 
is s(*t in vibration exactly’^ conformably to the 
variations in strength of the magnet. 

Probably no more beautiful illustration of the 
convertibility of one form of energy into another 
could be suggested than is here aflbrded in the 
telephone. The mechanical movement of the air 
particles, set vibrating and causing sound, produces 
vibrations in an electric current; this in turn 
produces variations in the strength of a magnet, 
and the magnet moves a metal plate, and the metal 
plate sets the air in motion, and the air in motion 
at the far end of the line produces a sound just the 
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same as that originated at the sending end of the 
line. This is how speech is transmitted and re- 
produced by electricity on about all the commer- 
cial lines in the world. The instruments vary, as 
we shall see hereafter, considerably in constructive 
detail, but their general features are, with few 
exceptions, all alike. 

The transmitter which we have described is 
known as the variable resistance instrument, or 
microphone. Before this was made public, speech 
was transmitted teJephonically by the same instru- 
ment which we now use as a receiver. While this 
apparatus operates to convert sound vibrations into 
electrical vibrations, it does so in an entirely dif- 
ferent manner from the transmitter described. 
When a magnet is moved to and fro in and in 
front of a coil of wire, a cuiTent of electricity will 
be set up in that coil, the direction and strength 
of which will be dependent upon the character of 
the magnet’s motion ; and on this principle dynamos 
for producing powerful electrical currents are con- 
structed, The same thing is true if the magnet be 
stationary with a coil fixed upon it, and a piece 
of iron bo moved in front of the coil — again 
currents will be produced in the coil. This is 
what happens in the magn(^to-telepliono, as it is 
called ; which, in fact, is virtually a little dynamo 
machine. When the diaphragm or plate is set in 
vibration, it produces currents in the coil surround- 
ing the magnet, and as the plate vibrates corre- 
spondingly to the sound-waves produced by the 
voice, so the current produced will vibrate. We 
rotate the armature of a great dynamo to produce 
the current for electric lighting by a steam-engine, 
and as we want a very uniform and steady cuiTcnt, 
we carefully control our engine and regulate the 
dynamo to that end, otherwise the electric lights 
w ould flicker and be disagreeable. In the magneto- 
telephone, on the other hand, we produce the 
current by moving the plate or armature to and 
fro by the air disturbed by the voice, and thus we 
make a current varying with every minute change 
in the air movement. 

The magneto-telephone may be used with or 
without a battery. If used without a battery, its 
core must be a magnet, and in such case the only 
currents which go over the line are those generated 
in the instrument itself. If a battery is used, then 
the current therefrom flo\vs constantly over the 
line, and the currents generated in the telephone 
are superimposed on the main or battery cuiTent. 
The only use of the battery in such case is to con- 
vert the core of the telephone into a magnet, if it 


is not already one. Fig. 7 represents diagramnia- 
tically a magneto-transmitter and receiver coupled 
in circuit. At N and s are the cores of the instru 


Line-wire 



Fig. 7.— Diagram of Transmitter and Receiver. 

ments, h and V are the coils, and at e are the 
mouth or ear pieces. 

We find, therefore, that there are two principal 
forms of telephone-transmitt(jr : that which works 
by a resistance put in the way of a steady current 
and modified by the voice, and that wdiich works 
by currents generated in the core of an electro- 
magnet by a plate of iron vibrated by the voice in 
front of the pole of the magnet. The latter form 
is not so much used as the former, because it is not 
capable of transmitting such strong currents. 

To give even the briefest sort of description of 
the numerous telephones which have been invented 
would extend this paper far beyond possible limits. 
The changes made in the receiver or magneto-tele- 
phone have been few and comparatively unimpor- 
tant ; but of the resistance-varying transmitter, 
there are hundreds of modifications, until ita]>pcai's 
as if there remains little room for the exei'cise of 
further ingenuity. In some instruments the con- 
tact-pieces, as in the Blake transmitter already 
described, take the shape 
of small blocks or masses of 
carbon, both pieces being 
of carbon, or one of carbon 
and the other of metal. 

These are supported in 
contact by springs, or 
simply allowed to rest one 
against the other by gi^av- 
ity. Then, in other forms, 
the contact-pieces are mul- 
tiplied, or even made in- 
finitely numerous, by mak- 
ing the carbon into a mass 
of fine granules, almost a 
powder, through which the 
cuiTent is conducted. Tliese powdered carbon trans- 
mitters are wonderfully sensitive ; with a strong 



Fig. 8, —Powdered Carbon 
Transmitter. 
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curi’ent they will cause speech to be reproduced in a 
good receiver, so that it can be heard perhaps fifteen 
or twenty feet away from the instrument. The 
carbon is arranged simply between two conducting 
plates, A B, one of which is a vibrating diaphragm, so 
that the essential features of the entire instrument 
are shown in Fig. 8. An instrument of this kind 
will take speech vibrations even from the outside 
of the body of the speaker ; and one can indulge 
in the odd experience of talking with his Adam’s 
apple, or his breast-bone, or the top of his head. 
Crossley’s microphone, which has come into limited 
employment in Europe, is represented in Fig. 9. 



more or less strongly, and thereby vibrations are 
set up which correspond to the vibrations of the 
original sounds. 

Another curious receiver, Fig. 11, is that in- 
vented by Mr. Edison, in which there is a cylinder, 



Fig. 10.— Dolbear*s Receiver. 



This instrument has four carbon rods, which make 
loose contact at their ends with carbon blocks ; the 
rod.s and bloc*ks are supported u|X>n a slab of 
wood, D, which serves as a diaphragm and as a 
covei* for the desk-shaped box. 

Tliere are certain foniis of receivers which are 
widely different from that already described ; such, 
for exainjde, is the Dolbear condenser-receiver, 
which is represented in Fig. 10. Tliis consists 
simply of two metallic discs, supported in the case 
of the instrument so as to be very close together, 
but not in contact. One di.sc is pressed upon by a 
.screw at its middle, and is thus prevented from 
vibrating ; tlie other is free? to vibrate. One of 
these discs is connected to line, and the other to 
earth. As the varying currents flow into and out 
of this condenser, the two discs attract one another 


A, composed mainly of chalk, against which rests a 
platinum strip, a, 'which is also secured to a dia- 
phragm, D. The circuit passes through cylinder 
and strip, and the 
cylinder is rotated at 
uniform speed. The 
friction between cylin- 
der and strip causes the 
diaphragm to be drawn 
inwards — that is, to- 
wards the cylinder — so 
that the diaphragm is 
thus brought to a cer- 
tain position. When a 
current passes through 
the in.strument the fric- 
tion of the strip and cylinder is reduced, and the 
diaphragm flies back by its own elasticity. As the 
variations in friction correspond to the variations in 
the strength of the current coming to the instru- 
ment, the diaphragm is thus caused to vibrate so as 
to I’eproduce speech. This apparatus gives loud 
sounds, but it is by no means reliable in operation, 
and not at all adapted for practical every-day use. 

Although, as we have said, the telephone re- 
ceiver as commonly used consi.st8 of a core, a coil 
on the end, and a diaphragm in front of the coil. 


j 



Fig. 11.— Edisou’w Loud Receiver. 


THE TELEPHONE AND MICROPHONE. 


177 


and all of these parts are necessary for practical 
work, it is an odd fact that speech can be heard 
without any one of them. We can remove the 
diaphragm, when sound will be heard from the coil 
and core. We can leave off the coil, connecting 
the ends of the wire simply to a rod of iron sup- 
ported at one extremity, and hear the rod talk. 
We can abolish the rod and fasten our wires to a 
condenser made of sheets of tin-foil separated by 
paraffined paper or mica, and hear sounds very 
clearly coming from this apparatus. And finally, 
one of the most curious telephonic experiments 
ever made was that performed by M. Giltay at 
the laboratory of the School of Physics, in Paris, 
when he made people^s hands speak. He arranged 
the a[)paratus as represented in the diagram Fig. 



12, in which A is a microphone or resistance-trans- 
mitter, B a battery, c an induction coil, and i) 
another battery in the secondary circuit of the coil. 
To the ends of the secondary circuit wire were 



connected metal handles, e and f. Two persons 
hold each one of the handles, and each person 
applies his disengaged hand to the ear of a third 
person, as shown in Fig. 1 3, when the third pei*son 
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hears the transmitted speech. It is even possible 
to make a sort of telephonic chain, enabling five or 
six persons to hear at once — No. 1 putting his 
hand to the ear of No. 2, No. 2 his hand to the ear 
of No. 3, and so on to the last person who closes 
the circuit by holding one of the handles, the other 
handle being held by the first person of the series. 

A volume might be filled with the recital of 
other curious phenomena of the telephone, to which 
we can refer only briefly here. It is so wonder- 
fully sensitive that it is affected even by the 
natural electric currents existing in the human 
muscles. M. Boudet, of Paris, has used the instru- 
ment as a means of hearing the working of the 
muscles in certain paralytic and nervous ailments. 
Th(i micro[>hone has also proved to be a stethoscope 
cai)able of revealing murmurs in the circulation 
which cannot be detected by the ordinary appa- 
ratus. In connection with the induction balance, 
the telephone has been used to reveal the presence 
of hidden metallic bodies, to test the conductivity 
of different metals, and even to detect counter- 
feit coins. It has been employed to hear the 
mutterings of earthquakes and of volcanoes befoi e 
eriq^tion. It has serve^d as a communication from 
earth to balloons. It allows watchmen on the 
surface to listen to the operation of the pumps in 
deep mines, and to communicate with other mines. 
It renders submarine diving far less perilous, 
inasmuch as it enables the diver on the sea-bottom 
freely to converse with the men attending the 
air-pumj)S and life-lines. Buried in the earth, it 
has proved an efficient means of detecting subter- 
ranean springs, the gurgle of which is plainly 
heard. In all wars of the future ifc will play an 
active part. Hidden in the ground around forti- 
fications and camj^s, it will reveal the footfalls of 
an approaching enemy, and so guard against sur- 
]>rise. It wdll serve as a means of communication 
from main bodies of troops to pickets and skirmish 
line. It wdll reveal the presence of submarine 
mines and the approach of movable torpedoes. 
Experiments are even in progress whereby some 
success has been attained in telephoning through 
w’ater between vessels at sea. 

To what distance the telephone will transmit 
speech is not a settled matter, on account of the 
many disturbing causes — such as leakage, retarda- 
tion, and induction — which tend to impair the 
delicate electric vibrations. In the United States 
overland lines, speech has been successfully sent 
between Chicago and New^ York, a distance of about 
900 miles. Tests on artificial lines representing 
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the Atlantic Cable show that probably the maxi- 
mum distance on submarine wires over which 
words can be distinguished does not exceed 150 
miles. Conversation has, however, been suc- 
cessfully maintained in Europe between Brussels 
and Dover, and between Holyhead and Dublin. 
Telephoning without wires may, perhaps, ultimately 
l>e accomplished. Telephones have been fixed upon 
a wire passing from the ground floor to the top 
floor of a large building, the gas-pipes being used 
as a return, and the Morse signals sent from a tele- 
graphic office 250 yards away have been distinctly 
read. There are several cases on record of tele- 
phone circuits mUes nimy from any telegraph 
wires, but in line with the earth terminals, picking 
up telegraphic signals by induction. 


And yet the instrument which accomplishes all 
these and many other wonderful results, employs 
forces of a delicacy of which we can form no ade- 
quate idea. The total path of the vibrating air 
particle is perhaps one-millionth of an inch in 
length ; its period (half- vibration) is as short as one 
four-hundredth of a second in many instances. 
Within this small limit of time and space, lie 
packed all the variations which distinguish from 
each other all words of all languages. The strength 
of the current available in the magneto instmments 
has been reckoned at a ten-millionth of an ampere. 
The minuteness of these distinctions seems almost 
to defy computation and statement; and yet the 
telephone acts by taking note of them and repro- 
ducing them. 


HEAT AS A MOTIVE POWER. 

By W. D. Scott-Mon CRIEFF, C.E. 


I N considering heat-power,* it was necessary to go 
back upon previous illustrations, in order to 
make the subject clear. In the same way, the 
recollection of the reader is now recalled to the 
papers upon Power and Work in order to under- 
stand the relationship which exists between heat- 
power and heat-work, or heat as potential or kinetic 
energy. There are so many media through which 
heat can be converted from one of these forms of 
force into another that it would be quite beyond 
the scope of a single pajier to explain them all. 

The general aspect of the subject of heat as a 
form of force essentially similar if not identical 
with other forces which have their origin in motion, 
must ]je held clearly in the mind of the reader, and 
his attention must at the same time be specially 
directed to that side of heat force which is exhibited 
when heat is in the state of passing from heat into 
the visible motion of solid substances moving 
against opposing forces as in the case of the 
moving parts of a machine. In other words, the 
theory of a hot body being that of a mass whose 
particles are in violent movement, must stand by 
itself as belonging to the aspect of heat as poten- 
tial energy ; and we must now confine our attention 
to the phenomena which attend the disappearance 
of heat as heat, and its re-appearance as kinetic 
energy, or work. 

The efiects of heat upon a permanent gas, such as 
♦ “Science for All,” Vol. IV., p. 230 ; VoL III, p. 249. 


common air, in adding to its volume or its pressure, 
and a consideration of how the increase in the one 
of these efiects is followed by an exactly corre- 
sponding decrease in the other, has already occupied 
a considerable portion of the paper upon heat- 
power. It would not be a difficult task to go on 
using the phenomena of perfect gases under incre- 
ments of temperature, as a means of illustrating 
the mode in which heat can be so employed as to 
disappear and be restored as work. It would even 
l>e clearer, from a purely theoretical or scientific 
point of view, to continue to make use of these 
illustrations. Practically, in a pajier on heat-work, 
however, it will be better to turn our thoughts to 
the great every-day medium for converting heat into 
kinetic energy we discover in the steam-engine, 
which performs such a vast variety of useful work 
among the innumerable industries of modern life. 

In dealing with steam as a means of illustration, 
the first point to be noticed is that in the steam 
itself we are dealing with what may be looked 
upon, for all practical purposes, as a permanent gas 
within certain limits of temj>eratttre, and that there- 
fore the phenomena which attend its conversion 
into work are the same as in the case of common air, 
which we have already considered, always remem- 
bering that the physical comparison only holds 
good within the limit of temperature, below which 
the steam ceases to be of the nature of a permanent 
gas, or. even of an elastic fluid, and becomes liquid 
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as in the case of steam condensing into water. The 
other important distinction between air and steam 
is that the former comes to us as an elastic fluid 
ready to our hands, whereas the other requires to 
have a large quantity of heat expended upon it 
before it becomes a medium for the conversion of 
the heat into work at all. In the case, then, of the 
vapour of v^rater, we must first inquire how much 
heat is necessary in order to raise it to the position 
of a permanent gas. 

The normal condition of water may be looked 
upon not as in the fluid, but the solid state. That is 
to say, that if we were deprived of the heat of the 
sun, or that quantity of heat which is necessary to 
keep water liquid, we would have to start with ice, 
and the first use to which we would have to put our 
heat would be to convert it from th(? solid into the 
fluid state. Now the amount of heat which is re- 
quired for this operation is one of the most con- 
stant quantities that can well be conceived of, and 
the' invariable character of the phenomena attending 
the melting of ice affords a satisfactoiy basis for 
numerical calculations with regard to tcunperature. 
As arithmetical illustrations are both simple and 
satisfactory, we cannot do better than adopt them 
in the present case. 

The heat unit in this country, already frequently 
spoken of, is taken from the quantity of heat re- 
quired to raise the temperature of 1 lb. of water 
at 39° Fahr. at the level of the sea V Fahr. The 
mechanical equivalent of this heat is the amount of 
energy necessary to raise 772 lbs. weight one foot 
high. In other words, the amount of potential 
energy represented by the quantity of heat re- 
quired to raise a pound of water one degree is the 
force-equivalent of the kinetic energy represented 
by raising 772 lbs. through a height of one foot. 
Now we will take the case of a pound of water, 
and see what happens if wo first convei't it from the 
solid state of ice into the licpiid condition of water, 
and go on adding heat until it is converted into 
steam, then treating the steam as if it were an 
elastic fluid, like air, expanding it as explained in the 
last paper on heat-power, converting all the power 
available into kinetic energy, and finding out the net 
number of heat units turned into useful work as com- 
pared with the number we originally started with. 

Let us, for convenience sake, take 5,000 heat 
units as tlie total quantity available, either from 
a certain weight of coal burning in contact with 
the water, or from any other substance commu- 
nicating heat by combustion to the same extent 
It is quite certain that no useful work can 


be obtained from the ice, so we must first convert 
it into liquid water. This will absorb 144 heat units 
before we go any further, and the volume of the 
pound of water will have been slightly changed in 
consequence. The exact alteration of volume amounts 
to the difference between 1* and 1*0909. Now we 
have only 4,856 heat units left, and the next use 
to which we must put our store of heat-energy is to 
convert the water into steam, for unless we made a 
gravity-engine of the fluid, and raised it to a great 
height, as explained in the paper on the Water 
Wheel, it would be as impossible to make use 
of it as a medium for doing work as it was in the 
case of the solid ice. Now any one who had such 
a limited supply of power as the quantity we have 
taken to start with, and who had a great deal to do 
with it, would be much disappointed if he dis- 
covered, for the first time, what a great price he 
had to pay for his steam. As it is, his supply has 
already been reduced to 4,856 heat units, and now, 
to conviirt the water into steam, he has to pay, first, 
182 of his heat units to raise it to the boiling-point 
(212° Fahr.), and then 965 units to convert it into 
steam, leaving him only with the balance of 3,709 
for conversion into useful work. Now comes the 
question how he is best to apply the balance. Turn- 
ing back to the paper on heat-power he will find an 
explanation of the best way of dealing with it, 
together with the reasons that make a high pressure 
the most economical method. He cannot do better 
than make the vessel for containing the steam as 
strong as possible, and exjiend every heat unit at 
.his disposal, not in converting more water into 
steam, but in, first of all, raising the steam he has 
obtained from the original pound to the highest 
temperature and pressure which practice has proved 
to be capable of being taken advantage of in a 
properly-constructed steam-engine. First of all 
he should cover the vessel or boiler containing the 
steam with the best non-conducting substance he 
can obtain, in order to prevent the heat from passing 
away by radiation and convection into the sur- 
rounding atmosphere, and then treat the steam as 
much as jiossible as if it were a permanent gas, 
such as common air. Before going on to see what 
the effect will be of simply adding heat to the 
steam, it will be well to consider how it is that so 
many heat units have been absorbed without the 
possibility of conve^rting them into useful work. 

It has already l)een shown how heat that has 
disappeared from the working medium of a prime- 
mover appears in some other form of force or energy. 
In the apparent total loss of the 1,291 heat umts. 
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however, we discover the equivalent nowhere but 
in the transformations which have taken place in 
the substance we are dealing with — ^first, the con- 
version of ice into water, and next the conversion 
of water into steam. These equivalents are, as the 
reader is already awai’e, spoken of as the latent 
heat of the respective substances, and it may be 
described as that portion of the communicated heat 
which is incapable of conversion into kinetic energy 
or work. In the case of ice and water, it is the 
heat price we have to pay for the substance v/e 
use as our work medium called steam. Fig. 1 
will convey graphically to the mind of the 
reader what actually occurs : — The base line 
represents the number of heat units recpiired to 
effect the operation, of converting the ice into 


less, and 182 heat units instead of 180 are required 
to raise it to the temperature of its boiling i^oint 
(212®). At this point its volume has increased 
from the unit of volume at 39^ Fahr. until it 
reaches 1*04315 at the boiling-point. 

The next series of observations which call for 
attention occur when heat continues to be applied, 
and the process begins of boiling away the water. 
One 965th part of the pound of water passes off 
for each additional heat unit that is communicated, 
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Figr. 1 .— Diagram iLLrsTRATiNG the Effects of Heat upon Ice anp Water. (From Cleric MawelVs ** Theory of Heat**) 


water, and, afterwards, the water into steam. First 
of all, as the sj^ecific heat of ice is about 0*5, or half 
that of water, in order to raise its temperature from 
0® Fahr. to 32°, sixteen heat units will be absorbed, 
and the volume of the total quantity being altered 
in the ratio of 1*0909 to 1* the water-line will vary 
from the ice-line to this extent. In the words of 
Professor Clerk Maxwell, the ice now l>f3gins to 
melt, the U^m^ierature remains constant at 32® Fahr., 
but the volume of ice diminishes and the volume of 
water increases, as is represented by the line 
marked Volume of ice.” The latent heat of ice is 
144® Fahr., so that the process of melting goes on 
till 144 units of heat have been applied to the 
substance, and the whole is converted into water 
at 32® Fahr. 

Tlie standard temperature of water when it re- 
presents the standard si>ecihc h(3at of the substance 
— viz., 1 — is 39® Fahr., so that at 32® it is somewhat 


and in this way we get our original pound occupy- 
ing the original unit of volume, 1 at 39° expanded 
into nearly 1,700 times its former bulk at atmos- 
phenc pressure. When the whole of the water 
has become steam, the vertical line representing 
the volume would, if drawn to scale, require to be 
extended 3,400 inches, or more than 286 feet long. 

Having now obtained our steam, and paid for it 
in heat units as already described, we find our- 
selves very much in the same position as if we had 
started with an elastic fluid, like common air. 
Every heat unit that we now apply is no longer 
absorbed in converting the substance we are using 
from one state into another, but is directly 
available for storing up potential energy in the 
shape of an increase of pressure when the volume 
is kept constant, as in the case of a steam-boiler 
with a rigid form or figure. Now, for every unit 
of heat We add, we get an additional temperature 
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of 2*08® Fahr. at the atmospheric pressure. The 
volume of the steam also increases regularly in 
proportion to its absolute temperature ; and, con- 
versely, we got the corresponding increase of 
pressure if the volume is kept constant. 

The position in which matters stand when 
‘‘steam is up’’ in the boiler is complicated by the 
fact that under these circumstances we have two 
substances, viz., the water and the steam, that are 
affected in totally different ways by changes either 
in volume, pressure, or temperature. No change 
can take place with regard to any of these factors 
without leading to changes in the relative quan- 
tities of these two elements. The water remains 
water at a certain teniiieratiire only because there 
is a certain pressure exei'ted upon it by the pres- 
sure of steam. When this is increased, a certain 
quantity of steam is immediately converted into 
water ; when it is decreased, a certain amount of 
water is converted into steam. So much heat is 
lost in consequence of the heat units absorbed in 
the operation, and if no further heat is added, a 
lowering of temperature ensues. This dual con- 
dition of liquids and gases involves a great many 
problems that are not directly connected with the 
question of heat- work ; and so we will now go on 
to consider how we can best avail ourselves of the 
potential energy of steam after we have “raised ” it. 

Having started with 5,000 heat units we find 
that we have only 3,709 remaining to add to our 
low-pressure steam at the atmospheric pressure, 
and at the temperature of 212° Now, in order to 
get our steam medium up to the pressure necessary 
for working a high-pressure engine, Siiy at 74 lbs. on 
the square inch, we must heat it to a temperature 
of 307^ F., and as each heat unit raises its tem- 
pemtuni 2^08, we will find that our store of h(?at 
will be further reduced. We have alrcjady allowed 
182 units for raising the steam to the boiling point, 
and now we have to allow for the number of units 
required to raise the steam to a temperature of 
307° at the rate of 2 *08 degrees for each heat unit 
so added. In this manner 40 more heat units will 
be absorbed, and 1,331 will have been abstracted 
from our original supply of 5,000, in order to obtain 
our working medium of 1 lb. of water in the con- 
dition of steam at a pressure of 74 lbs. on the 
square inch. We will now suppose tliat this residue 
of heat — viz., 3,669 units — is similarly applied to 
other quantities of water, each weighing 1 lb., 
then as 1 lb. has absorbed 1,331 heat units, it 
follows that the whole of our original supply, viz., 
5,000 heat units, would be capable of converting 


about 3*7 lbs. of water to steam at 74 lbs. pressure 
on the square inch. 

It is here well to draw the attention of the 
reader to the important fact that whereas about 
1,291 heat units are absorbed in converting ice into 
steam at atmosphei*ic pressure, in which it cannot 
be made use of as a direct pressure medium at all, 
only 40 units are required for raising it from a 
potential zero, as regards doing work in a high 
pressure engine, to the very considerable amount of 
stored-up energy which is possessed by the steam 
which is obtained from 1 lb. of water raised to a 
pressure of five atmospheres. This shows what a 
vast saving of fuel would be attained if hot-air 
engines could be used instead of steam engines, as 
we would have the elastic fluid ready made, instead 
of having to ][)ay for it as already described in the 
case of steam. 

We will now go on to considtT, first, what is the 
theoretical mechanical equivalent of the 5,000 heat 
units with which we started, and then see how 
much of this is available, in a high-class engine, as 
actual work. 

The first part of the calculation, as the reader 
is already aware, is very simple *. w(^ hav(j only to 
multiply the heat units by the foot pounds rei>re- 
sented by each of them, viz., *772. This will give 
us a total of 3,860,000 or the work of 117 
standard horses exerted during one minute, or 
about 2 horse-power exei'tc^d during one hour. 

We will first take that portion of our original 
store of energy represented by the 5,000 heat 
units which we expended in raising 1 lb. of water 
to steam at 60 lbs. pressure above the atmosphere, 
or 74*7 lbs. on the square inch. Tlie temperature 
necessary for this condition of things is 307° Fahr. 
Now, if we take the most economical form of steam- 
engine j>rovided with a condensing apparatus, by 
vrhich *we can obtain the greatest range of tempera- 
ture, between the initial temperatures of the steam and 
its temperature at the point when it ceases to fulfil 
any dynamic function, oi*, in other words, to do any 
w^ork, we will find that it will still retain a tem- 
perature of 105® Fahr., so that the available range 
in our engine is the difference between these two 
measurements, or 202 degrees as representing the 
entire work done by the 1 lb. of water converted 
into high-pressure steam. The total heat we have 
paid for this, not allowing for any loss from the 
escape of our original supply up a chimney, or 
from radiation from the surfaces of the boiler 
steam-pipes and the working cylinders of the engine, 
is no less than the quantity already referred to^ 
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viz., 1,331 heat units, so that in this way we obtain 
only a small f inaction of the total quantity with 
which we originally started. If, however, wc start 
from the theoretical zero, which we find in the air 
thermometer, we have a still larger margin of loss. 
Dr. C. W. Siemens, in a lecture which he delivered in 
Glasgow, in 1878, pointed out this loss of mechani- 
cal enei’gy in a paragraph which makes the subject 
so clear that we cannot do better than quote it. He 
says ; — ‘‘ An engine capable of developing one horse 
powder with two pounds of coal per hour is w'orked 
wdth a pressure of 60 lbs. above the atmosphere, or 
74*7 pounds on the square inch, with a correspond- 
ing initial temperature of 307° Fahr., and a pres- 
sure in the conductor of 1 lb. on the square inch, 
corresponding to 105° Fahr. We find, by taking 
the mtio of the difference of these numbers to that 
of the greater, given in absolute degrees of tem- 
l>erature, that the efficiency of the steam is — 

307 -^lOo _ 2^2 

307 + 401' “ 768 

But we must also consider tlie loss of effect carried 
away by the heated products of combustion. The 
tempemture of the fin^ may be taken at 2,500°, and 
that of the chimney at 500’ Fahr., above the at- 
mospheric temperature ; and the ratio of the 
difference of these numbers to the greater gives — 
2,r)00 - 500 4 

2,500 “ y 

as the efficiency of the furnace, which agrees with 


that of the best regulated furnaces worked with 
chimney draught. By the multiplication together 
of these ratios we obtain the combined theoretical 
efficiency of — 

202 4 808 2 ^ ^ , v 

TG8' ^ J = “ T (“PProximatoly) 

of the steam and fui’iiace worked upon the best 
known and approved principles. 

“Thus it is shown that the best steam-engines 
now constructed are capable of realising gths of the 
heat generated in the combustion of the fuel under 
the boiler, whilst the remaining |^ths, form the 
margin for future improvement. A large margin, 
it must be owned, and one that can be dealt with 
only by increasing the range of temperature, the 
most perfect engine being one in which the tem- 
jiemture ranges from that produced in combustion, 
say 3,000° Fahr., to the minimum temperature 
producible in a condenser.’^ 

Dr. Siemens then goes on to show that the losses 
of heat which occur among th(j great industries, 
such as those embmeed in the iron trade, is still 
greater than in the case of our supplies of motive 
jx)W"er, but enough has been shown to prove how 
large a margin there is for improvement in the 
department of heat-work, and how severe a tax 
is at present being imposed upon our stoi'es of heat- 
producing materials by the failure of science to pro- 
vide a means of economising or saving this waste. 


THE PARALLEL ROADS OF GLEN ROY. 

By riiortssou T. G. Bonney, D.Sc., F.R.S., F.G.S. 


I N tw^o or three of the glens on the southern side 
of that remarkable natural trench wdiich severs 
the northern highlands of Scotland, and affords a 
passage to the Caledonian Canal, are some singular 
teiTaces, which, at Glen Roy, have received the name 
of the Parallel Roads. 

Glen Roy is a valley, about ten miles long, in the 
heaH of the mountain mass near the w’esteni end 
of the Great Glen. It descends into Glen Speaii, 
rather to the east of Ben Nevis — the highest 
summit, as is well knowui, in Scotland. These 
“ roads ” have been familiar to geologists for many 
years, and the mode in which they have been formed 
has been a subject of controvervsy, wdiich even now 
can hardly be regarded as settled. Of this, after a 
short account of the roads themselves, it is the 


purpose of the present paper to give a brief 
review. 

As soon as Glen Roy is entered from its lower 
end, ordinary river terraces are noticed, which lie at 
a height of perhaps fifty or sixty feet above the 
level of the stream. These are carved out of a mass 
of coarse gravel and stratified sand, which fills the 
Ix^d of the valley up to about the latter elevation. 
Tlie stream, higher up, runs over slaty rock, but 
occasional masses of sand and gravel are seen in 
its vicinity, which, however, appear to be in more 
immediate connection with the openings of lateral 
glens. 

The roads in Glen Roy are three in number, and 
all of them can be traced along the greater part of 
the glen (Fig. 1). The highest, however, ceases 
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at the opening of Glen Glaster, a tributary from 
the east, which enters Glen Roy some couple of miles 
above its opening into Glen Spean ; the second 
road can only be followed round Glen Glaster; 
while the lowest extends to the very mouth 
of Glen Spean, and can be traced for a con- 
siderable distance along the flanks of that glen. 
They maintain an almost uniform elevation above 
the level of the sea — that of the highest vary- 
ing from 1,144 to 1,155 feet; of the next, from 
1,062 to 1,077 feet ; and of the lowest, from 850 to 
862 feet. They are shelves or teiraces generally 
about forty to fifty feet in width, with a gentle 
outward slope towards the valley ; overgrown with 
heather, and often strewn with blocks of rock, 
which have rolled down upon them from the 
rough hill-sides above. Their continuity is inter- 
rupted here and there by lateral ravines, hut 
they extend up the larger tributary glens ; they dis- 
appear also in one or two places where the flanks 
of the hill have become rocky and precipitous. 
Their aspect is most remarkable; the most striking 
view, which breaks suddenly on the traveller as he 
rounds a corner of a low hill-spur, being obtained 
from near the farm-house of Achnavaddy. Here, 
for the fii*st time, all three of the roads come into 
sight, running along the sides of Duneam and of 
the neighbouring hills. The sloj^es of these hills 
are unusually regular ; this gives them a certain 
resemblance to a huge elongated mound cut 
into bastion-like blocks by small lateral glfens. 
Here, then, the roads also are extraordinarily 
regular, resembling three railway embankments 
running along the flank of the hills. It is easy to 
understand how an uncritical age, which did not 
dream of the mai’vels of nature, but was credulous 
of the powers of magic, deemed them the work of 
men possessing superhuman powers, and asserted 
them to have been made for the convenience of 
Fion and his legendary lieroes when engaged in 
hunting. 

The main axis of Glen Roy extends up a lateral 
glen, called Glen Turit, round which the two higher 
roads may be traced, the lowest being soon cut out 
by the rise of its bed. But Upper Glen Roy bends 
round towards the east, and is prolonged for some 
three or four miles, the highest, road being continued 
as far as the water-shed between it and the Spey, 
the other roads being soon cut out, for the bed of 
Upper Glen Roy, here composed of glaciated rock, 
rises rapidly. In Glen Gluoy, which communicates 
with Glen Turit by a flat col or depression, is a 
single well-marked road, about twenty feet above the 


highest in the latter glen ; and a shelf, yet about 
twenty feet higher, may also be traced in Glen 
Kiltinnin, which lies some distance to the north of 
Glen Gluoy (Fig. 2). Terraces also — sometimes 
clearly, sometimes faintly, marked — may be seen in 
more than one part of the Si)ean valley, in addition 
to the more continuous one already mentioned. 
These are at various elevations above the sea, 
from 283 feet to 627 feet. The terraces rest upon 
the schistose rock of which the mountains are com- 
posed, and consist of detrital materials, chiefly 
angular fragments of rock, mingled with earth and 
occasional rolled pebbles in variable quantity. It 
is hardly possible to doubt that they are in some 
way or other, directly or indirectly, due to the 
former presence in the glens of sheets of water — are 
beach marks of some kind or other. But since the 
time when they were first noticed by scientific 
observers, they have been constantly the subject of 
controversy. The litei-ature relating to them would 
fill a fair-sized volume, commencing in 1 817 with the 
paper of Dr. Macculloch, and concluding with that of 
Professor Prestwich.* These controversies may be 
grouped under two heads — one, the minor, as to the 
precise mode in which the roads have been formed ; 
the other, the more inn)ortant, as to the physical 
cause to which they may be attributed. The former 
has been nearly, if not wholly, settled by Sir John 
Lubbock^s interesting researches.t He shows that 
while, as above stated, there can be little doubt that 
the roads are, in some sense or other, indications of 
former water-levels, they cannot be regarded as 
ordinary beaches, whether of the sea or of a lake, 
thrir uniform outward slope — which varies from 
about one in eleven to occasionally as much as one 
in two — disproving anything like a heaping-up of 
materials by the action of waves. His explanation 
is as follows : — The rocky slope of the hill must, in 
process of time, have become covered with loose 
debrisy the result of the ordinary subaerial disin- 
tegrating forces, and this would accumulate to a con- 
siderable thickness on all parts where the flanks of 
the valley were not too abrupt. If the valley then 
became occupied by water (whether an arm of the 
sea or a lake is for this purjiose not material) as high 
as the level of the most elevated of the roads, the 
action of the waves, fretting against the debris, would 

* “Philosophical Transactions,” 1879, p. 66^1. References to 
other notices will be found in this memoir. A short note by 
Mr. J. R. Dakyns has also appeared in the “ Geological Maga- 
zine ” for 1879, written subsequently to the reading of Pro- 
fessor Prestwich’s paper. 

t “Quarterly Journal of the Geological Society,” 18C8, p. 83, 



184 


SCIENCE FOR ALL. 


tend to excavate a notch in it,* but the incoherent hardly be doubted that this explanation is, in the 
materials not allowing this to be formed, there main, correct ; and tlie exceptional character of the 
would be a constant slipping of detritus from conditions requh-ed to allow of such accumulation of 
above, which, behig checked as it entered the water, detritus would account for the rarity of these roads 
would cover up the layer already below the surface among the valleys of the Highlands, 
of the fluid, and thus form a kind of broad sub- There remains, then, the more impox-tant ques- 
aqueous terrace, sloping gently outwards, and ex- tion of the physical conditions under which these 
tending for some distance beyond the present roads were formed — one upon which, at present, 
exterior margin of the road. Tlien suppose some there is by no means a concord of opinion among 
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cause produced a more or less steady decline of the 
water, until the surtace is again brought to rest 
for a time at about the level of the second road. 
Tlie process of fretting, slipping, and sub-aqueous 
accumulation would be repeatc^d, and by this 
means a portion removed from the exterior of the 
liighest terrace, till the face of its outer slope cor- 
rcsi)onded with the angle of rest for loose deb^-ts in 
air. A second ttuTace would now lye formed, as 
before, beneath the water-level ; and then a 
further rise of the land or fall of the water would, 
in like manner, produce the third road. It can 

* Mr. Dakjnfi mentionH one or two iiintances where the rock 
beneath the road is notched— a new and important fact in the 
controversy. 


comiM?tent judges; some regarding them as sea 
margins, others as lake margins ; the advocates of 
the latter view, which may be designated as the 
mon* popular one, considering the lakes to be, in 
some way or other, th(i I’esult of the former pre- 
sence of glaciers in the Highlands. It is not easy 
in the brief space at our disposal to give a clear 
idea of the reasoning by which these two opposite 
theories are supported, but it will facilitate matters 
to enumerate certain facts connected with these 
roads, which are generally admitted. They are 
the following : — 

1. ITiat the Scottish Highlands were once 
occupied by large glaciers, perhaps almost buried 
beneath a sea of ice, much as is Greenland at the 
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present day, and that these, as the snow melted 
from the mountains and the ice I'etreated up the 
valleys, paused at intervals, and perhaps sometimes 
regained a portion of the teiritory which they had 
lost. 

2. That there are many indications in Scotland 
that the sea once stood at least son^ two or thi'ee 
hundred feet above its present level, when beaches 
with grooves and terraces, not unlike those of Glen 
Roy, were formed. 

3. That on the western side of Northern England 
and in Wales there is evidence (a) of a j)eriod 


from time to time during a period of gradual, but 
not perfectly continuous, elevation. In favour of 
this view, it is urged that these terraces present 
many points of similarity with the admitted sea- 
beach terraces in other parts of Scotland, and with 
the numerous beaches associated with grooves on 
the face of sea-cliffs, to be seen in many places, 
as, for example, on the western coast of Norway. 
The sea, in the recesses of sheltered flords, where 
it is but little affected by storms, and only rises 
and falls with the tides, would allow of terraces 
of unworn material ; for in such positions, as we may 
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when huge glaciers, or possibly an ice-sheet, occu- 
pied the country; (b) of a submergence beneath 
the sea, amounting in some places to not less, and 
probably more, than 1,500 feet ; (c) of a return of 
the glaciers to some of the places from which they 
had disappeared. 

4. That each of these roads corresponds very 
closely with the summit level of a col, or passage, 
leading from the head of a branch of Glen Roy 
into some adjacent system of valleya 

6. That no marine remains, or, indeed, any 
remains except a few fresh-water diatoms, have 
as yet been observed in the Glen Roy terraces. 

We can now proceed to consider the explana- 
tions which have been offered of these singular 
Parallel Roads, and will notice, firat, that which 
regards them as beaches formed, as mentioned 
above, by the action of the sea, when the land paused 
216 


see in Norway, its water would have but little 
abrasive influence on the rock fragments, and their 
angular character would be preserved. The coin 
cidence with the “ cols ” is explained by the tendency 
to silt up which is exhibited by shallow straits ; 
or, when the depth was a little greater, the action 
of tidal cun*ents through the channels might 
augment the erosive influence of its waters, and 
this, even 'without having recourse to pauses in the 
slow elevation of the land, might explain the 
formation of roads nearly on the level of the 
cols — a coincidence which would be rendered yet 
more perfect by subsequent silting up. To those 
who lay great stress upon the absence of marine 
organisms, it is answered that in the low level and 
admittedly marine terraces both of Scotland and 
of Norway, marine shells are rare. This may ba 
accounted for by the fact that these loose gravelly 
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tlei>oRits are unfavourable to the preservation of 
organisms; and further (as may be seen in Norway), 
Qords which pierce so deeply into the land are not 
very rich in molluscan life, the waters containing 
too little salt for ordinary marine molluscs, while 
they are too brackish to be tenanted by the molluscs 
of rivers. Still, it must be admitted that, while 
the presence of marine siiclls would be conclusive in 
favour of the marine theory, their absence, though 
not decisive against it, is a point on which its op- 
ponents may fairly lay considerable stress. 

Passing, then, to the consideration of the other 
theory, almost all its supporters agree in attributing 
the Parallel Roads to the waters of a lake upheld 
by a glacier or glaciers,* while there is considerable 
diversity of view as to the exact mode in which 
its waters were maintained at the different levels. 
They point also to certain terraces on the margin 
of the Marjelen See, u})held by the Aletsch Glacier 
of Switzerland, as instances of the same kind, 
though on a very much smaller scale. Tlie earliest 
view, that of Agassiz and Buckland, was that a 
glacier descending from one of the lateral glens of 
Ben Nevis had passed across Glen Spean, while a 
similar barrier was formed by another glacier 
issuing from the hollow now occupied by Loch 
Terig. To this it would be enough to reply that 
(as stated by Robert Chambers) the lowest of the 
three shelves extends far to the west of the second 
of these barriers, and that the theory neither 
explains the road in Glen Gluoy nor accounts for 
the blockage of the opening into Glen Glastcr, 
through which, if it wc^re left open, all the water 
must have been discharged down to the level of 
the second road in Glen Roy. We might further 
add that in the above localities no indication now 
remains of glaciers so enormous as this theory 
requires. They ought to have left their traccjs in 
the forms of huge lateral moraines ; instead of this, 
they have vanished, and “left not a wrack behind. 
The theory was subsequently amended by closing 
the various cols by local glaciers, and supposing 
them to melt away one by one, and allow of the 
successive lowering of the great lake by an escape 
of the water over each col as the weakened barrier 
gave way. Glen Gluoy also was supposed to he 
blocked by a huge glacier which descended the 
Great Glen. 

In this modified form the glacier lake margin 
theory was favourably regarded by the late Sir 

* We may pass by as wholly untenable a view which 
supposes the lakes to have been uplield by dams of morainic 
deirix which have been subsequently removed. 


Charles Lyell ; but ajiait from its highly artificial 
character, it appeared to me when I was on the 
gi ound that there was no valid evidence for the 
existence of these convenient “ice-corks.” The 
physical stinicture of the region also strongly 
suggested that if once conditions prevailed which 
allowed glaciers adequate to retain such enormous 
masses of water to be formed on the flanks of Ben 
Nevis and in the valley of the Great Glen, then, 
not only would the heads of the lateral glens of 
Glen Roy be occupied by local glaciers, but the whole 
valley would be filled with ice, because the surround- 
ing district appeared particularly suited to be a 
gathering-ground for ice. That it has so been filled 
I have no doubt ; but this I believe, just as in 
Norway, was prior to the formation of the Roads. 

Professor Prestwich, however, in his communica- 
tion already mentioned, endeavours very ingeniously 
to overcome this difficulty, and to account for the 
almost inevitably simultaneous presence of both 
ice and water in the valley. He considers that 
during the period when the mountains of Scotland 
were occupied by very large glaciers, the low angle of 
descent and the peculiar arrangement of the valleys 
in tliis district would cause the glaciers to be 
crowded together in certain localities ; and then the 
ice^ thus jammed at the junction of conflicting 
streams, aided, perhaps, by moraine debris^ would 
produce mounds or ridges, which in certain places 
might form barriers of some elevation across the 
openings of valleys. The rills descending from the 
surrounding hill-sides would thus be dammed back, 
and would form lakes resting upon the glaciers 
themselves, having, in general, ice instead of e^rth 
for their beds. Blockages of ice or morainic dibris^ 
would, in like way, prevent the escape of the water 
over the various cols; but these would ultimately 
yield more easily than the principal dams, and so 
allow of the escape of the water into an adjacent 
glen, and the consequent lowering of the lake. He 
considers, also, that the actual roads would be 
formed, not, as supposed by Sir J ohn Lubbock, by 
the fretting action of the waves during periods of 
repose, but by the slipping down of the wet and 
incoherent materials during this epoch of rapid 
lowering of the water-level. This idea, however, 
seems to be disposed of by Mr. Dakyns’ observation. 
He calls attention, in support of his main theory, 
to the existence of iqe lakes of comparatively small 
size on various glaciers at the present day, and 
argues therefrom in favour of their attaining a 
much greater magnitude under the exceptional and 
peculiar conditions which he considers likely to 
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have prevailed during the period of greatest glacial 
extension in Lochaber. 

With regard to this view, ingenious as it is, we 
may fairly say that it is extremely doubtful whether 
ice blockages, to the extent required, would take 
place ; whether they would not rise in dome-shaped 
masses rather than wave-like lines athwart the 
valley, or else the one glacier in part override the 
other; whether, if they thus swelled up, they would 
not become crevassed so as to be almost incapable of 
letaining water; and whether it is at all safe to argue 
from the existence of mere pools on glaciers at the pre- 
sent day to the possibility of large and comparatively 
deep lakes on a scale required. To form tlie Parallel 
Roads of Glen Roy, these sheets of water must have 
been ten, twelve, or even more, miles in length, and 
have occupied the whole breadth of the valley. 
We must, in fact, have had the whole glacier sub- 
merged — except, perhaps, some chance insular mon- 
ticules of ice — for areas of many square miles. 
The conditions of the ice in Greenland cannot be so 
very diverse from that of Scotland during its period 
of greatest glaciation, but no indication of anything 
of the kind has been observed. Further, ought we 
not to expect confirmatory evidence in the form of 
a special accumulation of moraines on the hill-sides 
near these blockings? Uertainly, among the Alpine 
glaciers, with which I am very familiar, I have 
seen nothing favourable, and many things rather 
adverse, to this last hyi)othesis. 

The controversy, then, relating to the Lochaber 


roads may be thus summed up : — The difficulty of 
finding instances exactly parallel to them elsewhere 
is common to all the hypotheses, and may be fairly 
met by remembering that such roads as these could 
only be produced under very exceptional conditions. 
The advocates of the marine theory may urge the 
close resemblance between these and admitted sea- 
marks in other parts of Scotland and elsewhere, 
and point to the fact that a considerable submer- 
gence aflTected both Biitain and Scandinavia subse- 
quent to the period of greatest glaciation. They 
may explain, as above, the absence of marine 
organisms, and easily account for tlie presence of 
fresh water diatoms. The advocates of the glacial 
theory may decline to be satisfied with negative 
evidence in the latter case, and may devise various 
barriers for the retention of fresh water lakes. But, 
as it appears to me, these hypotheses involve yet 
greater difficulties than the other. So — unpopular 
as the opinion may be in these days, when a glacier 
or an ice-sheet is regarded by many eminent geolo- 
gists as a Deu8 ex machhid^ capable of removing 
every difficulty and accomplishing every task, be it 
never so Herculean — I have always considered the 
marine, or, more correctly, the fjord theoiy the 
more probable, and looked upon these ^‘parallel 
roads ” as formed during the period of submergence 
which followed u|x>n the first or greater extension 
of glaciers —that, in short, to which belong the 
shell-bearing drifts of Moel Tryfaen and the neigh- 
bourhooa of Macclesfield. 


STRUCTURELESS ANIMALS. 

By Andkkw Wilson, Ph.D., E., F.L.S., etc. 


I N one sense, the parallel between an animal and 
a machine of any kind may be admitted to be 
good and true. The application of the comparison 
is best seen when the higher animal is compared 
with the piece of mechanism. There are many 
analogies to be drawn, for example, between a 
watch and a complex animal body, such as that of 
a dog or of a man. Both watch and animal per- 
form their functions by means of a complex arrange- 
ment of parts and organs, each destined for the 
work it executes ; and both exhibit wear and tear 
as the results of living and working. The complex 
living being, like the watch, lives because it has 
organs to live with. If the harmonious relation- 
ship of its^ jmrts and organs be destroyed, life 


itself comes to an end, as surely as the work of 
a watch ceases when the spring is broken or the 
balance-wheel injured. There is thus a plain 
analogy between the living body and the machine. 
Of the higher plant, the same obseiwations hold 
good ; its intricate series of organs and tissues 
parallel the machinery of the watch. But the 
analogy and likeness do not run evenly and 
uninterruptedly throughout the whole of the 
animal and plant worlds. If we descend from, say, 
the quadrupeds to the lowest of the Vertebrated or 
“ back-boned ” animals, the fishes, the likeness 
still continues. The fish liody is only a less 
complex machine than that of the quadru{>ed, and 
it is, moreover, a structui^e which is built up on the 
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same type as the latter. Proceeding lower down in 
the animal series, we reach the shell-tish ” group. 
For example, a mussel, which has been already 
described, is just a degree less complex than the fish, 
and its frame is built up on a type or plan of very 
diflFerent nature from that seen in the vertebrate 
group. So also a lobster, exhibiting a third plan 
of structure, as we have seen, is likewise a 
simpler animal than the fish ; and of the insect or 
spider, both of which agree with the lobster in 
geneiul structure, the same remark holds good. 
Lower depths, however, still await our examina- 
tion. As the merest tyro in natural history knows, 
the star-fish gi*oup, for instance, differs alike from 
fish, lobster, and mussel in the build of its body. 
It is less complicated than the lobster, and it is 
infinitely simpler in all its details than the fish. 
But despite this simplicity, the star-fish or sea- 
urchin yet exhibits a certain parallelism with the 
watch or machine. The machine with which the 
star-fisli coiTesponds, must only be of simpler 
structure than that with wdiich the fish is jdaced in 
comparisoiL As the machine works anrl j)erforms 
its duties, so the star-fish body eats, digests, 
circulates its blood, and moves by mimns of sjiecial 
organs, developed in each case for the purposes just 
mentioned. 

Star-fishes, however, present us with a type of 
by no means humble animal stnictui’e. There are 
infinitely lower deeps in existence than the star- 
fish group. Even the sea-anemone,* simple as 
we have discovered that animal's structure to be, is 
not ranked in the lowest grade. For the sea- 
anemone has tissues and organs and parts, which, 
if not quite so well-developed as those of even the 
star-6sh, yet discharge well and truly the functions 
of its life. Only, we begin at the same time to 
note that in anc^mone-existence w e see simple and 
single organs and tissues burdened with two or 
more of the functions which in higher animals are 
discharged each by a separate organ. For example, 
in the se^i-anemone there is no heart The 
function of circulating the blood in nutrient fluid, 
instead of being subserved by a heart as in star- 
fish, insect, mussel, and fish, devolves upon the 
cUUi^ or minute eyelashes lining the general body- 
cavity of the animal As there is no heart in the 
anenione, Sf) there are no blood-vessels ; the tissues, 
as we saw in a previous paper, are litemlly bathed 
in the fluid which is destined to nourish them. 
If, therefore, the sea-anemone is a kind of living 
machine — and there is no reason to cavil, 
♦ “Science for All*’ Vol. IV., p. 151. 


scientifically or otherwrise, at the term — ^it is a 
simpler machine than its nei^bour animals already 
mentioned. Its meclianism, so to speak, tends to 
become simpler, in the manner which would be 
represented by the works of a watch, which, instead 
of possessing the multifarious wheels common to 
these machines at large, performed at once simpler 
duties in timekeeping, and exhibited therefore a 
less complex mechanism. 

But descending to still lower grades of life than 
those in which the anemones and their neighbours 
exist, we light upon animals of still more striking 
simplicity of form and function. Suppose a watch 
to possess none of the internal belongings of its 
race : its functions as a timekeeper would be 
utterly annihilated. Its characteristic stioicture as 
a machine, would be lost likewise, and it would no 
longer be entitled to be ranked amongst pieces of 
mechanism of any kind. The parallel between a 
“ worksless ” watch and certain lowest grades of 
animal life is, after all, as strict as is the analogy 
between the perfect watch and the complex higher 
animal. But whilst the “ worksless ” watcli is a con- 
tradiction in tenns, the worksless ” animal is a 
reality of life. All the details of structure which 
distinguish the higher animal and make the complex 
being what it is, may be absent, and yet life in 
its lower deeps may jx^rform its functions none the 
less perfectly — the absence of organs notwith- 
standing. Whilst the “ worksless " watch is an 
anomaly of art, the structureless animal is a 
reality of nature. And to structureless animals 
we might add structureless plants — for the plant 
world in its lower confines, equally with the animal 
creation, appears to live and to have its being 
without the means and mechanism so plainly 
apparent in the familiar plants of every-day life. 

A few examples of structureless animals will 
serve to illustrate and to apply the foregoing re- 
marks on the relative degrees and differences which 
mark the constitution of the units of the living 
series. Existing in the waters of the sea, and in 
fresh waters as well, we find a series of microscopic 
jelly-like specks, many of which are not longer 
tbin the one-eight-hundredth part of an inch. 
Placed beneath the object-glass of the microscojw, 
these forms appear to our eye each as a minute 
mass of jelly, which may either be colourless or may 
be tinted of an orange hue. The naturalist would 
inform us that these are masses of the substance 
known as protoplasm, or sarcode, of which already, 
at different times, we have had something to say 
That they are alive we could not for a moment 
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doubt, for two reasons : firstly, we see exemplified 
in each the power of independent movement ; and 
secondly, we observe each living speck to take 
matter from the outer world, and by receiving such 
matter within its frame, to feed itself. Thus, 
like the highest animal, it grows and obtains the 
energy requisite for the performance of the move- 
ments of life. 

Let us watch one of these specks — such as are 
called by the naturalist Protanmba^ or Protomyxa. 
The first point in the history of such an organism 
wliicli airests our attention is its literally marvellous 
power of incessant change and alteration of shape. 
Prota/niceba (Fig. 1), for instance, is continually 



Fig. 1,—Protamciiha primitiva undergoing Development by Fission. 

shooting the margin of its body into blunt-shaped 
projections of its substance ; and if we watch it 
carefully, we see that it moves by throwing for- 
ward such projections, and by absorbing the body 
gradually into them. It may be either described 
as, in reality, having no definite shape at all, or as 
possessing every shape and form conceivable. Tlie 
name Avnuha itself means “ change ; and although 
this term is applied, as we may presently note, to a 
distinct i*elative of the Protammha^ the latter ex- 
hibits the family character of the group in its power 
»f incessant change of shape and form. More care- 
ful observation shows that the Protamaeba has no 
vestiges of the structure of even the sea-anemone. 
You may almost see through and through the jelly- 
body of the animalcule. Within its limits, there is 
no trace of a mouth or other feeding apparatus. 


No heart or circulatory apparatus is to be seen, no 
nervous system, even in its most rudimentary 
phase, is discernible. It wants, in fact, every struc- 
ture by the possession of which we recognise the 
animal frame at large. In a word, it is the parallel 
of the ‘‘worksless” watch. We see before us an 
animal form, existing and living, without any 
apparent organs to carry on the functions of life. 
At the very most, we can only say that the outer 
layer of the jelly-body is firmer than the inner sub- 
stance ; and that is the outer layer (or ectoaarc^ as 
it is called) which is the active seat of the move- 
ments already described. It is from this outer 
layer, in other woi-ds, that the finger-like processes 
of the body (or 278midopodia) are protruded 
(Fig. 1, p). When the animalcule thus projects its 
body-substance we can see that the matter of its 
body is of semi-fluid character ; for the granules 
which exist in the more central protoplasm of 
its iKxly then run into the projecting poi1)ion& 
These granules appear to exhibit an incessant 
motion, and to flow and reflow like the currents 
we may see in the cells of many }>lants, and 
which have before been described in these 
pages.* 

Furthermore, however, we may discover 
another use for this power of projecting the 
protoplasm of the body outwards from itself. 
By aid of its “ pseudopodia ” the animalcule is 
enabled to obtain its food. Like every other 
living being, it requires to receive matter from 
the outer world, and to convert this matter (or 
“ food ”) into its own substance befoi’o it can 
live and move. In this respect it is on a per- 
fect footing of equality with man himself. When 
the soft margin of its body, moreover, comes 
in contact with any solid particle, it shoots out its 
body-substance into processes which encompass the 
j)article, and by so surrounding it finally engulf 
it within the body -substance. From this we learn 
two facts of importance : firstly, that it is evident 
the protoplasm of the body is sensitive to outwai*d 
impressions ; and secondly, that in the absence of 
a mouth, food is ingested by any part of the body’s 
surface. But for this sensitiveness tlie animalcule 
could not exist. It might as well be an inorganic 
thing, were it unable to act upon the stimulus which 
the contact of food-particles supplies. And we 
thus discover, even in these lowest forms of life, the 
faint beginnings of the same power of receiving and 
acting upon impressions which eharacteiises the 

* “ Movements of Li\ing Beings i** ^ Science for All,** VoL 
IV., p. 108. 
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highest members of the living world The nervous 
system is necessary for the jjerfotmance of this 
generalised work of receiving impressions. All we 
can say concerning the manner in which the func- 
tion in question is performed is, that wherever we 
meet with living protoplasm, it seems to possess 
this property of sensitiveness as one of its primaiy 
and unfailing characteristics. We never meet with 
this substance in a living animal or plant without 
observing sensitiveness as one of its chief details. 

Food received into the body of the Protamoeba is 
unquestionably “digested that is, it is converted 
into new protoplasm, and thus rejmirs the waste of 
tissue to which the animalcule, in common wi.h 
every other liWng being, is continually being sub- 
jected. How “ digestion ** and “ assimilation ” are 
exactly accomplished in lower life, we do not per- 
fectly comprehend. But it appears most certain 
that the particle of food is affected in some way by 
the protoplasm which siirix)unds it; its nutrient 
parts are in this way appropriated, and those por- 
tions which are indigestible are simply rejected by 
that jmrt of the body-margin which is nearest the 
food. In respect of the development of new /Vo- 
ta7iueb(B, there seems (so far as has been observed) 
to be only one form of the reproductive process re- 
presented in its history. New animalcules, which 
are to replace those that are continually dying off, 
are produced by the simple fisaion^ or division, of 
the body of an existing Protamoeba (Fig. 1). None 
of the more complex developments, seen in the 
sea-anemones, or even in other animalcules of lowly 
grade, have been witnessed in this simple form of 
life thus introduced to our notice. 

Forms allied to Protawofib%,dLiii called ProfogeneSy 
differ from the former, in that the processes they pro- 
trude from their body-margin are more delicate than 
those of Protamoeba ; and these pseudopodia in the 
Protogenea further interlace and intertwine in a 
manner unknown in the beings we have just de- 
scribed. Then, also, we note the interesting fact that 
certain of these lower fonns, strictly comparable each 
to a Protamoebay seem to possess the power of fusing 
their jelly-like bodies together, so as to form a mass 
or ‘‘colony^’ of similar organisms. Such a colony 
receives the name of a j>la8modiiimy and the organ- 
ism named Myxodictyum (Fig. 2) is an example 
of such an associated series of l>eings. Further 
modifications are witnessed in the life of these 
l>eings, although in all, the same structureless body- 
substance is to be seen. Thus one form, known as 
Vampyrellfiy lives upon certain of those beautiful 
lower flint-covered microscopic plants known as 


diatoms. Vampyrella possesses interlacing projec- 
tions, or “ pseudopodia ; ” and by means of these 
projections, which it insei*ts between the flinty 
coverings of the diatoms, it sucks up or absorbs the 
protoplasm of these lower plants, and lives upon 
the matter thus obtained. If, as seems probable, 
Vamp 3 rrella is an animal form, its act of living 
upon plant-protoplasm is strictly parallel, after all, 
with that of a cow eating grass. Vampyrella has 
further been noticed to creep from diatom to dia- 
tom, through the whole series growing in a cluster, 
in its search after nutriment, absorbing the con- 



Fig. 2 — ITyxodictyum sociale. 


tamed protoplasm ; and after having destroyed the 
diatom-colony, it has been observed to locate itself 
in the ])lace of the last of its victims. Then, draw- 
ing in its projecting filaments, it seems to become 
spherical in form. Next, there grows around its 
soft body a structureless envelope, and its proto- 
plasm divides into four masses of equal size. Each 
mass into which the Vampyrella body has thus 
become divided seems to escape from the parental 
envelope, and then assumes all the habits of the 
being from which it was derived. Here we see a 
little complication of the simple development seen 
in Protamceba. A parent-body in Vampyrella first 
becomes quiescent, then divides into four equal 
parts, each of which is, in fact, a new animalcule; 
It is also interesting to observe that the develop 
ment of the highest animals begins at least in an 
analogous fashion by the division of the parent- 
germ, or egg. 

If these remarks be taken as a brief description 
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of the lowest forms {Mon^rd) of animal life known 
to biologists, we may next glance at other and 
allied beings, which, whilst showing a little advance 
upon these first organisms, yet present us with 
a simplicity far below that of all ordinary animals. 
The Amoeba itself, one of the commonest animal- 
cules found in onr pools and stagnant waters and 
infusions, presents us, as has already been shown, 
with all the characters seen in one of the white 
corpuscles of our blood. It is curious to think 
that rolling along through our blood-vessels, and 
forming normal parts of the life-giving stream, are 
millions of small particles of protoplasm, exactly 
comparable to an Amoeba. Nay, more ; for when 
drawn from the body, and kept in a duly heated 
microscope slide, these white blood-globules are 
seen to protrude their substance in exactly similar 
fashion to the Amoeba and Protamoeba themselves. 
Our white blood-corpuscles, in a word, are simply 
protoplasmic cells, which have acquired an inde- 
pendent existence in our tissues. 

The Amoeba does not materially differ from the 
Protamoeba, except in one or two particulars. 
Thus, firstly, the Amoeba possesses a solid particle, 
or nucleus^ which the Protamoeba wants. Tlien, 
secondly, we can detect one or two or more clear 
spaces, called contractile vesicles^ within the Amoeba’s 
body, and these are absent in Protamoeba. These 



vesicles derive their name from the fact that they 
are seen to contract and expand with tolerable regu- 

• “Science for All,” Vol. IV., p. 110. 


larity. Their movements have suggested to the 
minds of naturalists that possibly they may repi*e- 
sent a rudimentaiy form of heart, and as such, may 



distribute the fluid they contain (most probably 
water) through the proto[)lasm of the body. It is 
a very interesting fact to note that the white 
blood-globules of certain members of the frog’s 
class {Amphibia) seem to resemble Amoeba, not 
merely in the possession of a nucleus and in 
emitting processes of their substance, but likewise 
in exhibiting each a contractile vesicle as well. 

From the Amoeba and its neighbours, a near 
transition leads us to certain interesting animal- 
cules, which, whilst of equally simple structure, 
yet develop around their bodies “ shells ” or “ tests ” 
of beautiful and often complex structure. Certain 
near relations of the Amoeba possess the power of 
giving off the “pseudopodia” from one region or 
part of the body only, instead of equally from any 
part of its surface ; the rest of the body in such a 
case remaining immobile and passive. Such a 
state of matters is seen in the animalcule which has 
received the name of Lieberkiihnia (Fig. 5). Here, 
the body is to be compared simply to an Amoeba 
which has acquired a stolidity of body save at one 
part, and from this latter part are protruded the 
processes whereby food is seized and locomotion 
effected. A step onwards takes us to another 
animalcule, called Gromia (Fig. 4). Here, as in 
Lieberkiihnia^ there exists the power of emitting 
projections from one region of the body only ; but, 
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in addition, the immobile part of Gromia has 
become invested by a membranous layer of some- 
what dense chai'acter, and which, in all essential 
respects, serves as a kind of protecting shell.” 

From Gromia we pass by easy transitions to the 
animalcules already described under the name of 
Foraminifera^ and which may be popularly called 
“ chalk animalcules,” seeing that in the present, as 
in the past, the massing together of their living 
shells constitutes the “chalk” of the geologist 
(p. 65). 

Allied to the Foraminifera are the Badwlarians 
(p. 70, Fig. 4). These latter differ from the former 
^iefly in the fact that their “ shells ” are formed 



of flint instead of lime. The curious ^‘Sun- 
animalcule” {Actiifiophrys^ Fig. 3) of our pools 
seems to lead from the Amoeba-like animalcules to 
the Radiolaria, just as Gromia and Lieherkiihnia 
link the Amoeba-stage with the Foraminifera. In 
the “Sun-animalcule,” the centre of the proto- 
plasmic body contains a number of nuclei, and in 
the Radiolaria themselves the central part of the 
animalcules contains a capsule or nuclei, or crystal- 
line bodies; whilst in the outside layer of the 
body there is developed either flinty spicules or 
a “shell,” which may exhibit the most elegant 
mathematical symmetry and beauty of form. 
Indeed, nothing in nature or in art can well 
equal the marvellous beauty and regularity ob- 
servable in many of the shells of these lowly 
creatures. Existing, like the Foraminifera, mostly 


in the sea, their fliinty shells sink in time to the 
bottom, and mingle with the chalk debris into 
which the foraminiferous shells ultimately dis- 
solve. It is at least a fact to be borne in mind, 
that whilst one particle of protoplasm selects lime 
as its shell-substance, another selects flint, and 
both particles, like the Amoeba, are destitute of all 
the structures seen in higher animals. They 
correspond to the “ worksless ” watches, which, 
strangely enough, “go” with the utmost perfec- 
tion in their own ways and methods of life. 

A passing reference to the Gregarina (Fig. 6) 
may complete our list of structureless animals. 
Gregarina is a minute speck of pi’otoplasm, living 
as a parasite in the digestive system of worms, 
beetles, lobsters, and other animals. The body 
has simply a nucle'os, but there are no contractile 
vesicles. It may exhibit slow contractions of 
its substance, but otherwise leads a truly vegetative 
life. Existing in the very “kitchen” of its host, 
where it both “lodges” and “boards” as a fi’ee 
guest, the Gregarina is bathed amidst the nourish- 
ment its host is elaborating for its own use. 
Nothing simpler than Gregarina^s existence can 
well be conceived. To the structureless body of 
an Ammba, it unites a want or absence of move- 
ment, and possesses no power of emitting pseudo- 
podia, such as constitutes a chief charactcu'istic of 
the other forms we have examined. 

Summing up our researches into the lower forms 
of animal life, we have discovered, firstly, that the 
lowest animals, and the lowest plants as well, exist 
as nxere specks of protoplasm, destitute of all 
structure. Secondly, we have noted that this 
protoplasm may exhibit varying degrees of sim- 
plicity. It is thus, if anything, of simpler 
character in a Protamoeba than in an Amoeba. 
Thirdly, we have seen that the parallelism between 
animals and machines cannot be pushed to the 
verge of lower existence. Whilst a dog or a man 
are comparable to watches, in that each has complex 
vital machinery to live with, the lowest foims of 
life live perfectly in their own way, but without 
possessing even the bare rudiments of organs or 
tissues. Life is thus capable of being perfectly, 
even if simply, carried on in the entire absence of 
organisation ’-ih.dX is, the possession of definite 
structures and organs. Life precedes and perfects 
the organisation we see in higher life ; organisation 
does not cause life. A watch is a watch because 
it has works ; the “ worksless ” watch, as we have 
seen, is an anomaly and a paradox. But the 
unorganised animal or plant is a reality of nature, 
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and as such, destroys the parallelism between the 
mechanical and living conceptions of the organic 
universe. 

It is necessary to add a concluding word con- 
cerning the peculiar substance named protoplasm^ 
or sa/rcodcy and which in itself, as we have seen, 
is perfectly comj>etent to discharge all the functions 
of nourishment and reproduction which belong to 
lower life. Very various theories have from time 



Fig. 6. — Development of Gregarinidn. (Highly tnagnified.) 

A, Grt'flfarlno ut th(* Karth-wonn in its Ordinary Aapcct; ii, in Encysted 
Conditidu; o, showiuff diNisiou o£ Contents into pBeudona> 

(.After Stein, and LieberkuJm.) 

to time been entertained concerning the relations 
of this protoplasm to the life it exhibits. With 
these speculations, which really concern the nature 
of life, we have nothing wliatever to do. What is an 
accepted and proved fact is that life is not known 


to exist except as exhibited by and through pmto- 
plasm. It is probable that all forms of protoplasm 
may not be chemically similar. As analysed, it is 
found to be a form of albumen, and to consist of 
carbon, hydrogen, oxygen, and nitrogen, with 
traces of phosjjhorus and sulphur. It is certain, 
however, that all living beings have not only their 
beginning in protoplasm, but that they likewise 
carry on the work of life by means of this 
substance. The egg and germ of every animal 
and plant is a speck of this substance; the cells 
of which the adult animal or plant is composed, 
possess this matter as their essential constituent. 
Brain-cells, liver-cells, bone-cells, muscle-cells, blood- 
cells, and all other cells of the highest foims of 
animal life, are essentially protoj^lasmic in their 
nature. Without a doubt, the brain-cell is the 
seat of thought, as the liver-cell is the manufactory 
of bile, or as the bone-cell is the focus around 
which new bone is formed. Universally present, 
then, whatever “life^^ niay be conceived to be, 
protoplasm is its one “ physical basis,’’ without 
which life is to us unknown. More than this is 
not at present certain : farther than this declara- 
tion the exact dicta of science cannot as yet pass. 
Whether the future labours of biology and other 
sciences will show us the essential nature of life — 
or whether that secret will remain for ever 
entombed among the arcana of knowledge — who 
can tell t 
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F ew persons in this country, unless they happen 
to be specially interested in mineralogy, ever 
have an opportunity of seeing a piece of sulphur 
in its raw or native state. They may be familiar 
enough with the solid sticks of brimstone, or with 
the yellow powder known as “ flowerp of sulphur,” 
or even with the still finer material sold by the 
druggist as “ milk of sulphur;” but all these forms 
of the substance have been subjected to artificial 
treatment, and are far from representing the sul- 
phur as it occurs in nature. There is no place in 
this country where a man can dig into the ground 
and find sulphur ; but in volcanic districts — even 
where the subteri'anean forces have been well-nigh 
spent; — it is not uncommon to find abundance of 
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sulphur around the margin of the volcanic vents. 
Such is the case, for instance, at the famous 
Solfatara, near Naples, where the surrounding soil 
becomes impregnated with sulphur in sufficient 
quantity to be well worth the trouble of working. 
The very name solfatara, which is now applied 
to any fissure whence volcanic vapours issue, is 
evidently connected with the Italian word solfo, or 
sulphur. A solfatara is a kind of stifled or half- 
dead volcano, and wherever volcanic action is or 
has been rife, it is likely enough that sulphur may 
be found. 

When the Spaniards under Cortez ran short of 
gunpowder during the conquest of Mexico, they 
naturally turned their eyes to the smoking cone of 
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Popocatepetl, hoping to find there the sulphur which 
tjiey so much needed. Nor were they disappointed. 
An exploring expedition was despatched, and when 
the adventurers, after a toilsome journey, reached 
the crater at a height of more than seventeen 
thousand feet above the sea-level, there, surely 
enough, was the object of their quest — the yellow 
sulphur lining the throat of the burning mountain 1 
Nothing is more natural than to suppose that 
the sulphur in a volcano has been brought up from 
below as sulphur- va^xjur, and simply condensed upon 
the cooler rocks with which the vapour happened to 
come in contact. There is good reason, however, 
to believe that the immediate origin of the sulphur 
is not quite so simple a matter as this. Among 
the gases and vapours belched forth from a volcanic 
vent, there may generally be found two compounds 
containing sulphur. One of these is that gas which 
is smelt whenever a common lucifer match is struck 
— a gas which is always associated with the odour of 
burning brimstone, and which is known to chemists 
as svlphuroua anfiydride, or, when combined with 
water, as sulphurous acid. This is a compound of 
sulphur and oxygen. The other volcanic exhalation 
containing sulphur is the gas termed sulphuretted 
hydrogen . — a combustible gas, of uninviting odour, 
generally compared to the smell of rotten eggs or 
of putrid cabbage-water. This gas is a compound 
of sulphur and hydrogen. Now, when these two 
gases are brought into contact, as they certainly 
are in the out-going stream of volcanic vapours, 
they decompose each other, the hydrogen of the 
one uniting with the oxygen of the other to 
produce water, while the sulphur of both is set 
free in a solid form. It iz a telling lecture- 
experiment to take these two gaseous bodies — 
perfectly colourless and invisible — and to show how 
they produce by their reaction a solid deposit of 



jKe. 1. — Ootahe- 
dm CiTBtal of 
Native Sulphur. 


yellow sulphur ! It is probable that 
a chemical action of this kind has 
given birth to much of the sulphur 
found in the neighbourhood of 
volcanoes. 

Although native sulphur fre- 
quently occurs as a yellowish cnist 
spreading itself over the surface of 
volcanic rocks, without having any 
particular shape of its own, it occa- 
sionally happens that the sulphur 
asserts its power of crystallisation. 


and appears in veiy definite and beautiful forms. 


Fig. 1 represents a simple sulphur-crystal — an octa- 
hedron bounded by eight unequal sided, or scalene. 


triangles — while Fig. 2 depicts an unusually fine 
crystal, heavily charged with faces. All the faces 
of such crystals bear definite relations to a set of 
axes which the crystallographer, 
by the scientific use of his imagi- 
nation, may picture within the 
crystal. Such a group of axes is 
represented in Fig. 3 ; and as mm: 
these three Imes are of three . _ ..j 

different lengths, the system to '^1 
which the sulphur crystals belong i |K'^ 

is often called the trimetric ' 

. . I-ig. ..-Complex 

Is it possible to imitate nature. Crystal of i^ative 

, , . SiUphur, 

and to produce similar crystals 
of sulphur in the laboratory ? This question may 
be answered if we can succeed in dissolving the 
sulphur. Solution and slow solidification form one 
of the i*eadiest means of inducing 
crystallisation ; for the particles or 
molecules of the body have thus free 
play to arrange themselves in ol e- 
dience to what we may call their 'N , 
crystal-forming instinct. Now sul- ^ 

phur is insoluble in water : a piece 
of brimstone placed in the vessel of 
water from which a dog drinks may 
remain there for months without being ^TrimetrS 
dissolved. But though water is unfit 
for our purpose, the chemist is acquainted with a 
certain liquid, called bisulphide of carbon, which 
dissolves sulphur with great facility. Let a small 
quantity of powdered sulphur be shaken up with 
some bisulphide of carbon, and the sulphur dis- 
appears as readily as a jnece of sugar disappears 
in a cup of tea. If the solution which is thus ob- 
tained be allowed to evaporate with extreme slow- 
ness, it gives rise to crystals belonging to the 
trimetric system, and therefore bearing considerable 
resemblance to those of native sulphur. Similar 
crystals may be obtained from a solution of sulphur 
in turi)entine, or in benzene, or in petroleum. 

There is, however, another way in which chemists 
are in the habit of coaxing a substance to crystal- 
lise. If the solid can be melted or fused, its particles 
are loosened from their rigid connection, and when 
the molten mass slowly solidifies, they can group 
themselves in such fashion as the laws of crystallo* 
graphic symmetry may demand. In this way some 
curious crystals of sulphur may be obtained. Melt 
a pound or two of brimstone in a crucible, and 
allow it to cool until a crust forms over its sur- 
face ; next, pierce this crust, and let the bulk of the 
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sulphiir run out through the aperture ; it will then 
be found that the sulphur which clings to the inside 
of the crucible shoots out in delicate needle-like 
ciystals, so that on breaking away the crust the 
interior of the vessel displays 
a network of interlacing 
yellow fibres, like those re- 
^ ^3 ' y: presented in Fig. 4. Each of 

these sulphur needles is a 
" /! prismatic crystal, entirely dif- 

ferent from a crystal of native 
-w/V sulphur, and not related to 

the trimetric system. Its 
^0™ requires that one of its 
three axes should be inclined 
to the plane in which the others lie, as in Fig. 5 ; 
and hence the system in which the molten sulphur 
crystallises is called the monoclinic system. 

When describing a piece of black-lead, it was 
explained that if a body can crystjvllise in two dis- 
tinct systems it is said to be 
dirnorj^hic. Sulphur is accordingly 
a dimorphic body : the natui*al 
crystals, and those produced from 
solutions at low temperatures are 
trimetric; while those obtained by 
fusioii are monoclinic. But the 
monoclinic modification is not stable, 
^on^ito?o course of four-and-twenty 

hours a transjrarent crystal of mono- 
clinic sulphur will spontaneously become opaque, 
and, without changing its external form, will be 
converted into a multitude of minute crystals of 
tiimetric type. The same change may be rapidly 
induced by scmtching the crystal ; opaque spots 
first appear at the point which has been touched, 
and the change then gradually spreads throughout 
the mass. Conversely, a transparent crystal of 
octahedral sulphur, if kept for some time heated 
nearly to its melting point, will assume an opaque 
appearance, and will break up into a great number 
of prismatic crystals. It is thus seen that a piece 
of sulphur is remarkable for the molecular changes 
which it is capable of undergoing, rf crystal passing 
with ease from one dimorphous condition to the 
other. 

But in addition to these two crystalline modifi- 
cations of sulphur, there is another form of the sub- 
stance which the chemist obtains by rapidly cooling 
fused sulphur, and which is utterly destitute of all 
crystalline character. It is curious to watch the 
strange changes which sulphur undergoes when 
melted. First, it forms a thin, clear, amber- 


tinted liquid. Then, as the heat is increased, this 
liquid becomes thicker in consistency and darker in 
colour, until at length it looks like so much treacle, 
and the vessel may even be inverted without any 
outflow of the viscid sulphur. But, curiously 
enough, if the temperature be still further raised, 
the sulphur again becomes liquid, though not quite 
so thin as when first fused. At a yet higher tem- 
perature, the sulphur passes into an orange-coloured 
vapour. 

Now, if the molten sulphur, when in a liquid 
condition, be poured into cold water, it at once 
solidifies ; but instead of forming a hard brittle 
solid, it is so soft and plastic that it tnay be 
readily moulded by the fingers, and even drawn out 
into long, tough, elastic threads, like a piece of soft 
india rubber. This plastic sulphu/ty however, is 
unstable. In a short time it loses its plasticity, 
and reverts to its ordinary hard and brittle state — 
a change which is attended with the evolution of 
considerable heat. While in its elastic condition, 
it is, in every respect, unlike ordinary sulphur. 
For example, ordinary sulphur is freely soluble in 
bisulphide of carbon, but the plastic sulphur is 
insoluble. Again, the specific gravity of plastic 
sulphur is only 1 *95, while that of the monoclinic, 
or prismatic, variety is 1’98, and that of the tri- 
metric or octahedral form reaches as high as 
2*07. A piece of sulphur is therefore a body of 
singular interest to the chemist and the physicist : 
it offers, in fact, one of the best illustrations of 
allotropism^^ or that power cf molecular change 
whereby one and the same body can assume a 
variety of forms, each with a distinct set of physical 
properties. 

In addition to the three allotropic modifications 
previously described, there is a fourth form of 
sulphur which needs a passing notice. Under the 
name of milk of sulphury the druggist sells a 
greenish-yellow powder, which he obtains by adding 
an acid to a solution containing sulphur, usually a 
solution of a particular compound of sulphur and 
calcium. The sulphide is thus decomposed, and the 
solution becomes milky or cloudy in consequence of 
the separation of free sulphur, which gradually falls 
to the bottom in a very finely-divided condition. 
Anything thus thrown down from a solution is 
called, in chemical language, a precijAlate ; and 
hence milk of sulphur is sometimes termed precipi- 
tated svlpKur, 

Under the microscope, the milk of sulphui- is 
seen to consist of granules utterly destitute of 
* “ A Piece of Black lead Science for All,” Vd. V., p. 17 
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6.— Section of 


crystalline structure, whence it is recognised as an 
amorphous variety. This variety is soluble in the 
ordinary solvents for sulphur ; but the chemist is 
acquainted with another amorphous modification 
which is insoluble. The bare mention of such facts 
is sufficient to indicate the curiously fickle character 
of sulphur. This single species of elementary matter 
is, in fact, capable of assuming a 
plurality of forms, which is perhaps 
greater than that of any other Protean 
element 

It is worth noting that precipitated 
sulphur may be obtained by the spon- 
taneous decomposition of a solution of 
sulphuretted hydrogen — a decomposi- 
tion which has probably given rise to 
some of the native deposits of sulphur. 
Sulphuretted hydrogen is fi*eely soluble 
in water, forming at first a clear solution ; but 
if this solution be exposed to the air it is apt to 
turn milky, in consequence of the separation 
of finely-divided sulphur. The oxygen of the 
air combines with the hydrogen of the sulphur 
compound, with production of water, while the 
sulphur is set free and precipitated. Natural 
waters frequently contain sulphuretted hydrogen, 
acqxiiring thereby a foul odour, but also acquiring 
medicinal virtues. Such sulphuretted springs 
occur abundantly at Aix-la-Chapelle, and to a 
less extent in this country, as at Harrogate, in 
Yorkshire. These hepatic waters readily decom- 
pose, and yield sulphur. Hundreds of pounds of 
sulphur, produced in this way, have sometimes 
been collected fi*om the walls of the springs at 
Aix-la-Chapelle. There can be no doubt that 
a similar decomposition hus yielded much of the 
native sulphur — especially that which is found in 
sedimentary deposits, far away from any volcano. 
At Teruel, in Spain, there is a curious deposit, in 
which large numbers of fresh-water shells are pre- 
served or fossilised in sulphur. In such cases the 
suljdiur aj)pear8 to have been deposited from sul- 
phureous springs which poured their waters into 
a lake in which sedimentary deposits were in course 
of formation — the deposits thus becoming impreg- 
nated with sulphur. 

An excellent illustration of the production of 
sulphur at the present day may be seen at the 
Sulphur Bank, near Clear Lake, in California, 
where the vapours and gases issuing from the 
various fissures deposit not only free sulphur but 
several of its metallic compounds. Again, many 
of the hot springs or geysers in the Yellowstone 


National Park exhibit a deposit of sulphur around 
the margin of their basins. 

A large portion of the sulphur of commerce is 
obtained from stratified deposits of Tertiary age, 
consisting mainly of clays and marls, limestone and 
gypsum. The sulphur occurs either in veins or in 
concretions, or still more frequently in a finely- 
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Marino, Italy. 1, Clays ; 


ipni: 

2, Sandstone j 3, Scliints, with Gyiwuni; 4, Gypsum, with Sulphur; 5, Clays 
Marls ; 6, Pliocene Marls. 


divided form impregnating the rock, and thus 
forming a sulphur ore.” Such sul 2 )hur-bearing 
rocks have l>een worked for ages in Sicily — 
especially in the neighbourhood of Girgenti — and 
also near Cesena, in Romagna. These two dis- 
tricts still supply the world with most of its 
sulphur. Its mode of occurrence will be under- 
stood by the section represented in Fig. 6, which 
shows the succession of beds at San Marino. 

Suli>hur-mining in Sicily is carried on in most 
primitive fashion, and even in Romagna the work- 
ings, though better, are still but crude. After the 
rock has been broken up, the sulphur is extracted 
by a simple process of liquation — that is to say, the 
rock is exposed to heat until the fusible sulidiur 
sweats out. This liquation is principally carried on 
in large kilns, termed by the Italians calcaroni. 
Fig. 7 represents such a kiln. Here it is seen that 
a large heap of the sulphur-rock has been ^daced 
within a circular wall of masonry and set on fire ; 
the melted sulphur then trickles to the bottom of 
the heap, and flows down the inclined floor towards 
the door, or opening, called a morte^ whence it ulti- 
mately escapes. 

Obtained in this way the sulphur is still impure, 
and needs to be refined before coming into the 
market. For this jmrpose the crude sulphur is 
generally heated in an iron retort, which is placed 
in communication with a large brick chamber. The 
sulphur in the retort, after having been melted, 
volatilises ; and the vapour passing into the 
chamber condenses upon the cold walls as a fine 
powder. This powder is the well-known flowers of 
sulphur. 

The transformation of a substance from the state 
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of vapour to that of a solid, without passing 
through the intermediate condition of liquidity, is 
termed sublimation^ and it is therefore common to 
speak of the flowers as suhliTtied sulphur. If re- 
quired absolutely pure, the powder should be 
washed to free it from sulphurous acid, which is 
j)roduced during the sublimation, and clings tena- 
ciously to the condensed particles. In the wine 
countries of Southern Europe flowers of sulphur 
are used on an enormous scale as a cure for the 
oidium, or vine-disease. 


warm hand close to the ear, and listen to the 
peculiar cracking noise which it utters. This 
sound is due to the fact that the heat of the hand 
expands that part of the sulphur which is in imme- 
diate contact with the warm surface ; but as sulphur 
is a very bad conductor of heat the adjacent parts 
are slow in acquiring the same temperature ; and 
hence the expanded portion is tom away from the 
mass with a sudden crack. 

When a stick of sulphur is rubbed with a piece 
of flannel, or even with the naked hand, it 



Fig. 7 .— Calcarone, or Sulphur-kiln, in Sicilt. 


In the process of refining sulphur the fumes 
from the retort will condense as “ flowers ” only so 
long as the walls of the condensing chamber are 
moderately cool. When they become heated the 
sulphur melts, and, trickling down, settles at the 
bottom of the chamber as a layer of liquid. It is 
a general law that when a body passes from the 
condition of vapour to that of liquid or solid it 
gives out heat which was previously latcmt in the 
vapour. Consequently, during the distillation of 
the sulphur, the temperature of the condensing- 
chamber rapidly rises, and the production of the 
solid flowers of sulphur — a kind of sulphur-snow — 
is prevented. The distilled sulphur is run off in a 
molten state, and cast in moulds, forming the yellow 
sticks known as roll sulphur. 

It is curious to hold one of these sticks in the 


acquires the power of attracting light bodies, just 
as a piece of amber attracts them when similarly 
excited. Sulphur is therefore said to acquire 
negative or resinous electricity by friction. Otto 
von (xuericke — the famous old burgomaster of 
Magdeburg who devised the first air-pump — took 
advantage of this property in the construction 
of a crude electrical machine. Melted sulphur 
was poured into a glass globe, and the glass 
broken, whereupon a ball of sulphur was obtained. 
This sulphur sphere was tlien mounted upon an 
axis, and caused to rotate against the hand, which 
acted as a rubber. Rough as this contrivance was, 
it yielded electricity more freely than any previous 
instrument, and thus did good service in the 
progress of electrical science. 

Sulphur in the form of sticks and cakes is 
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frequently known in oommeroe as hrimatone. 
This word is simply a cormption of the Teutonic 
Brennatein — the stone which bums — and is cu- 
riously like the German name for amber, Bematein^ 
a word which has the same meaning. Both the brim- 
stone and the bernstein are combustible minerals. 
Moreover, it is generally supposed that the idea of 
combustibility lies at the bottom of the word aulphur 
itself, since this is siiid to be an awkwaixl com- 
lK)und of the Latin aal^ salt, and the Greek pur^ 
fire — sulphur being, therefore, the salt which bums. 

It is, of course, the ready inflammability of 
sulphur which causes it to be so largely used in the 
manufacture of gunpowder, fireworks, and lucifer 
matches. When the sulplmr is heated, with free 
access of air, it bui*ns with a lambent blue flame, 
producing by its union with the oxygen of the 
atmosphere a pungent, sufibcating gas, called 
87 ilphur dioxide^ or aulplmroua anhydride. When 
dissolved in water, this body forms a powerful 
bleaching agent, and hence the common practice 
of discharging a fruit stain from a handkerchief by 
holding it, in a moistened state, over a burning 
matck On the same principle, burning brimstone 
is largely used in bleaching straw-plait, silks, and 
flannels, being preferred to chloride of lime, 
inasmuch as it does less damage to the fabric. 

A vast quantity of sulphur is daily consumed 
in this countiy for the purpose of forming sulphur 
dioxide, to be afterwards converted into aulphuric 
acid, or “ oil of vitriol,” used so extensively in many 
manufactures. Formerly the sulphur was burnt 
in its free state, but at the present time veiy little 
of this “ brimstone acid ” is manufactured. The 
great bulk of our sulphuric acid derives its sulphur 
from the mineral called iron-pyritea — a compound 
of sulphur and iron, containing more than half its 
weight of sulphur. Large quantities of this pyrites 
are raised in the Vale of Ovoca, in County Wick- 
low, and are brought into the market as “ sulphur 
ore,” while still larger quantities of pyrites are im- 
ported from Spain and Portugal 


Iron-pyrites is only one of a large series of 
minerals known as metallic aulphideay or combinar 
tions of sulphur with various metals. When it is 
mentioned that such minerals form a large proportion 
of the ordinary ores of copi)er, lead, silver, mercury, 
and antimony, it will be seen that sulphur is 
extensively distributed through nature in this form. 
But the sulphur occurs not only as sulphides, but 
also as auljdtatea — that is to say, as compounds of 
sulphur, oxygen, and a metal. Of these native 
sulphates, the most important is gypaurriy or sul- 
phate of lime, a compound of sulphur, oxygen, 
and calcium. It is a suggestive fact that this 
mineral is generally associated with deposits of 
native sulphur. There is, indeed, little doubt that 
native sulphur has in many cases been fonned from 
gypsum by the reducing action of decomposing 
organic matter. 

From what has been said above it will have been 
gathered that sulphur occurs in the mineral king- 
dom under three distinct forms: first, as native or 
virgin sulphur ; secondly, as mebillic sulphides, or 
combinations of sulphur with metals \ and thirdly, 
as sulphates, or oxidised compounds containing 
metallic bases. Sulphur also exists in various 
organic comj>ounds — some of vegetable, others of 
animal origin. Thus it is found in oil of mustard 
and in various products of other plants belonging 
to the great order of the Crudferce, or the cabbage 
oi-der • while its existence in certain animal pro- 
ducts, such as albumen, is sufficiently evident from 
the common observation that a silver spoon 
blackens when used with a boiled egg, the black- 
ening being due to the formation of a sulphide of 
silver. It is beyond the purpose of this paper, 
however, to refer at length to the organic com- 
pounds which contain sulphur; but enough has 
already been said to show the singularly wide dis- 
tribution of this element, the important part which 
it plays in the economy of nature, and the mani- 
fold uses to which it is applied in the arts of 
civilised life. 


VORTEX RINGS. 

By William Ackboyd. F.I.C.. etc. 


T he reader may have seen some veteran smoker, 
who, when so inclined, would remove the 
pipe from his mouth and amuse his friends by 
puckering up his Jips, and sending out rings of 


smoke. It is a feat which appears easy enough to 
the performer, but would-be imitators make long 
and choking attempts to do it before they are finally 
successful, and some, indeed, never can manage it. 
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These latter, however, may console themselves 
hy seeing the lings made in other ways. On a 
line calm day, with scarcely a breath of wind, 
splendid rings may be seen at times rising fi*om 
the chimney of a locomotive when the driver is 
letting out short and sudden puffs of steam. 
These vapour rings are of the same kind as the 
tobacco-smoke rings, and they are termed in science 
vortex rings. 

In a former paper* we gave some particulars 
of these vortex rings, such as how they might be 
made, the nature of their motion, and the theore- 
tical use to which they have been put. Since, 
however, the subject was on that occasion very 
barely touched on, we propose now to supplement 
what was then said by giving a somewhat more 
minute description of vortex phenomena ; for this 
subject, although in its infancy, has become one 
of no small importance, seeing that vortex motion 
is possessed not only by the mighty planet whirling 
through space, but is likewise supposed to be 
possessed by the tiny atoms of which it is built 
up. 

The whirlwind or whirlpool is the simplest 
form of vortex motion, and the connection of a 
columnar vortex of this sort with a vortex ring 
is exceedingly easy to comprehend. A vortex ring 

may be regarded 
as a siring of 
whirlwinds if in 
air, or of whirl- 
pools if in water, 
joined end to end, 
so that if it were 
possible to break 
the ring and to 
stretch it out, we 
should have a 
single whirlwind 
or whirlpool. Or 
to put the matter 

Pig. 1 -niuBtrating the Connection be- converse 

tw^ a Oolnmnar Vortex and a Vortex perhaps sim- 

pler way, imagine 
4, Fig. 1, to be a simple columnar whirlwind or 
whirlpool, and further imagine it now to be 
doubled up, and its two ends brought together so 
as to form a ring, as at b, then B would be a 
vortex ring. Simple vortices may be created by 
any rudder-like movement within a fluid, be it 
water or air, so that a very simple piece of appa- 

♦ << Whirlpools and Whirlwinds;” “ Science for All,” Vol. 
I., p. K). 


ratus is all that is required for such a purpose. 
Knock out the bottom of a common deal soap-box, 
so that there is nothing now left but the sides and 
a door on hinges. Let a sheet of drawing-paper 
be next pinned down on the table, and on this 
place the box on end. A quantity of black tissue- 
paper, torn into very small pieces, must now be 
sprinkled on the white paper in front of the box. 
Upon now diuwing the door smartly to in the 
direction of the laige arrow (Fig. 2), a sim[>Ie 
vortex or whirlwind is pro- 
duced, which is readily 
shown by the movements 
of the black tissue paper. 

It is a miniature whirl- 
wind, differing only in de- 
gree, and not in kind, from 
the tornado and cyclone, 
which drive heavier objects 
about with such destructive 
force ; and the reader may 
form a vivid idea of the 
devastation worked by 
these vast aerial vortices, which spiing up at par- 
ticular seasons on land and sea, by supposing each 
of these bits of paper to represent trees, houses, or 
shi{)S, which are with the same apparent ease up- 
rooted, blown down, or wafted to destruction. 
One would think that it is indeed no matter to 
joke over, but American humour has found some- 
thing to present in a mirth-provoking light even 
in the mighty force of a tornado, which is thus 
described by a Transatlantic paper : — “ Yesterday 
during the gale, while boulders as big as pumpkins 
were flying through the air, and water-pipes were 
being ripped up out of the ground, an old China- 
man, with spectacles on his nose, was observed in 
the eastern part of the town calmly flying his 
kite — an iron shutter with a log-chain for a tail.’* 
Leaving simple vortices, we now turn to consider 
the methods of making vortex rings. Professor 
W. B. Rogers, of America, nearly a quarter of 
a century ago, used to make vortex rings by filling 
soap-bubbles with smoke, and then pricking them. 
He was also acquainted with the liquid rings 
formed generally when a drop of coloui-ed liquid 
is allowed to fall into a colourless one, and he 
regarded the fluid rings as of the same nature as 
the smoke rings. These fluid rings, the reader will 
remember, are obtained by allowing a droj) of 
coloured fluid, like permanganate of potash solu- 
tion, milk, or ink, to just touch the surface of 
water when a system of rings is formed, which 




r.g. 2.— How to mike a 
Colummir Von ex. 
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travels towards the bottom of the vessel. But 
perhaps the vortex box method is the best of all 
for exhibition on a large scale, this box being, as 
we have befoi’e minutely explained,* simply a tea- 
chest with one side removed and replaced with 
canvas, while in the side opposite to it there is a 
round hole for the rings to emerge, which are 
produced every time the canvas receives a knock. 
When such a box is charged witli smoke the 
smoke rings produced sail gaily across the room, 
and look charming if illumined by the rays of an 
oxyhydrogen lamp. In the latter case great 
diversity may also be produced by intro- 
ducing coloured glasses in front of the 
lamp, so that the advancing rings may be 
made to appear crimson, yellow, green, or , 

blue, &C. 

A method of making vortex rings, which 
we have not yet spoken of in these pages, is 
that usually exhibited when ‘^i)hosphoretted 
hydrogen ” is made. About half a fluid 
ounce of strong solution of potassic hydrate 
and ten grains of phosphorus are put into a retort, 
and heated gently until a flash is seen within, w:hen 
the beak is immediately placed under the surface 
of water. The gas begins to come over, and as 
soon as it comes in contact with the air, ignites 
siX)ntaneously. As each bubble rises above the 
surface, and discharges itself into the atmosphere, 
a flash is seen, and out of the tiny fiery disturbance 



Fig. S.-^Vortex Bings of Phosphoric Oxide. 


there is evolved a beautiful white vortex ring, 
which sails leisurely upwards if not disturbed by 
air currents (Fig. 3). 

Nothing, perhaps, could appear more dissimilar 
than these various ways of making vortex rings 
with the mouth, collapsing soap-bubbles, puffing 
locomotives, descending drops, vortex boxes, and 
bubbles of ascending phosphoretted hydrogen made 
in the way we have described. They are probably, 
* “ Science for AIL’’ VoL I, p. 43. 


however, all very nearly related, for we shall find, 
on a comparison of what takes place in the last 
three methods, of which we know most, that they 
are essentially one and the same, although the 
agents at work may be diflerent. Let us inquire 
a little more closely into the way rings are pro- 
duced in these particular cases. 

Vortex-boxes may be made of many forms, 
either cubical, cylindrical, or approximately spheri- 
cal. To make the last form one may take a 
cocoa-nut, and bore a small round hole at one end* 


A « ^ 

Fig. 4.— Vortex Binge : a Comparison. 

The other end has now to be sawn off, and the 
contents extracted, so that there is nothing but 
the hard husk left. Over the larger end a piece of 
canvas is now fixed (Fig. 4, a). After filling with 
smoke, the rings as usual are emitted from the small 
orifice every time the canvas is tapped with the 
finger. Now, making vortex rings with such a 
piece of ai)paratus would be nearly like making 
them with bubbles of phosphoretted hydrogen, or 
drops of milk and ink. And this we can make 
ap|>arent by means of a diagram showing the 
conditions in each case at a particular moment. 
Let us see, for example, the exact nature of things 
when a rising bubble of phosphoretted hydrogen is 
just peeping out of the surface of the water, as 
at B, Fig. 4. There is a circular orifice formed 
which places the contents of the bubble (c) in com- 
munication with the external air, so that at this 
particular moment the walls of the bubble fonn a 
liquid vortex-box, to all intents and purposes similar 
to the solid cocoa-nut box. Again, there is the 
same similarity in the case of a falling drop of 
milk or ink coming in contact with a surface of 
liquid as at c, for here, directly the drop (c) touches 
the surface of the water, it is evident that the air 
which surrounds the drop forms a kind of box 
with a circular opening, placing the globule or 
contents of the aerial box in communication with 
the larger body of fluid below. It is very 
apparent, therefore, that so far as external form 
goes, there is a marked similarity in the three ways 
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of making rings, the mould in each case being of 
the same form, although made of materials so 
widely dissimilar as solid, liquid, and gas, and we 
shall now see that the vortex motion in each case, 
although generated by different agents, is managed 
in much the same way. The contents of the nut- 
box, for example, are agitated by a knock at the 
canvas back, which is placed opposite to the 
circular opening, and the knock in the cases of the 
liquid and aerial boxes is given by the pull of 
gravity, and, as before, at the back part which is 
just opposite the circular orifice. The latter point 
may not be so evident, and therefore we shall 
proceed to make it somewhat more clear. 

First, then, as to the bubble of phosphoretted 
hydrogen at b. The pressure on its walls is very 
unequal, and for the simple reason that the deeper 
one descends into a liquid the heavier is the weight 
of superjacent liquid that has to be borne, and as 
pressure in such cases acts in all directions, it 
follows that at c — viz., at the bottom of the bubble 
— ^we have the greatest pressure, and less and less 
at any point on each horizontal zone, as we ascend 
towaids the orifice. The greatest pressure at c 
corresponds to the knock at the canvas in the case 
of A, so that the contents of the liquid-box are 
sent out with a ring-vortex motion, and a chemical 
change simultaneously occurring, the vortex ring 
is made evident by means of the white smoke of 
phosphoric oxide which is formed. It also follows 
that where we have a falling drop, as at c, there is 
the greatest push at c, because while each part of 
the drop has hitherto been falling with the same 
speed, immediately it comes in contact with the 
liquid below, the parts of it nearest the opposing 
fluid are retarded, and we have consequently the 
greatest speed or push at c, a ix)int opposite the 
circular orifice of the aerial box. It is quite plain, 
therefore, that in these three cases we have taken 
the trouble to examine, and which seemed so dis- 
similar at first sight, we have essentially the same 
plan and opemtions at work. 

Perhaps most attention has been paid to the 
formation of liquid vortex rings by Tdmlinson and 
Deacon. Tomlinson called them ‘‘ submersion 
figures,” a name which involved no theory as to 
their formation or structure ; Deacon, like Rogers, 
considered them to be true cases of vortex 
motion, arising not from diffuaionj as Tom- 
linson maintained, but from the ordinary motion 
which follows the impact of two bodies- -and, by 
way of illustration, he refers to the ‘^cold metal 
^ ring ’ ” formed when a smith’s chisel-head has been 
218 
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‘‘burred” out, and recurved by blows (Pig. 5). 
With regard to diffusion, the same observer re- 
marks that although it may modify, and thus, in 
one sense, may be said to 
create these phenomena, yet 
diffusion really is the cause of 
their destruction. The striking 
analogy which the writer has 
shown to exist between the 
way in which these liquid 
rings are made, and the ways 
employed to make rings with 
the vortex-box and bubbles of phosphoretted 
hydrogen, certainly gives strength to the views 
of Rogei*s and Deacon, and probably any dif- 
ferences of opinion that have aiisen on this point 
may have been caused by the peculiarity which 
appears to i>e possessed alone by these liquid 
rings — viz.y that inorganic evolution, or growth of 
the single ring at fii’st formed into a series of others. 
To see this once more, dip the tip of your pen, 
charged with ink, into water, or allow a drop of 
milk just to graze the surface of the water, in each 
case it will be found that the first ring formed 
develops into several others on its way to the 
bottom of the vessel. In pointing out what one 
has to look for, Deacon has employed the diagrams 





6.— Growth of a System of Bings. 

A — ^D, Pig. 6, to illustrate the growth of a system 
of rings. When the drop first falls, a miniatui'e 
vortex ring, A, is formed. The next change is 
exhibited in B, which illustrates the formation of 
nodes, varying much in position and number, 
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according to circumstancea While the ring is still 
descending, these nodes begin to develop secondary 
rings c, which are again shown at an advanced 
stage in D, where it will be jierceived that the centre 
of each secondary ring is connected with the others 
on each side of it by means of delicate arches. Occa- 
sionally a form is seen, of 
which Fig. 7 is an illustra- 
tion. Here tlie secondary 
rings are connected by a 
delicate film, which, in the 
upper part, conti*acts, into 
a narrow tube, and is sur- 
mounted by a belHike 
cover. This form is of 
much interest and beauty, 
and we cannot do better 
than quote Deacon ^s words 
concerning it : — “Working 
with a very attenuated solu- 
tion of permanganate of 
potash, the secondary rings 
resting on the lx)ttom of 
the beaker, or wholly sus- 
pended in the water, it 
strikingly resembles a living animal like a sea 
anemone. As all this structure is formed from 
one single drop, its extreme tenuity can be easily 
imagined. The resemblance of these structures to 
organisms is more than in form. Whilst they are 
growing they are, so to say, ‘ alive,’ bright colours, 
and clearly-defined objects. When they cease to 
grow their ‘ life ’ ceases too ; they become dull, 
flaccid, nebidous; they quickly dissolve into the 
BUT rounding space — they die.” 

In obtaining these [>henomena, care has to be 
taken to deliver the drop gently and well-formed. 
If it fall from too great a height, and consequently 



Fig. 8. —Motion of a Descending Vortex Bing. 

have too much impetus, the results obtained are far 
from satisfactory — a mere cloud, or two or more veiy 
small rings. 

With regard to the vortex-motion that will be 
readily understood, it is like the motion of smoke- 


rings, t.d., the inner portions of the ring move in 
the same direction as the whole ring. Let Fig. 8 
represent a section of one of these rings as soon as 
it is formed, then the large arrow will represent 
the downward direction of the whole ring, and the 
lesser arrows the vortical motion of its parts. In 
water this motion ceases almost entirely, and while 
the whole ring is descending bodily, water is dis- 
placed, and a cuiTent, due to the displacement, 
flows upwards through the ring, giving rise, no 
doubt, to the delicate filament which generally 
foimis the train of such a ring. It will be found 
that the secondary rings give lise, as a rule, to the 
tertiary, and these to a quaternary series, and so 
on, according to the depth they have to go, and the 
quantity of material in the descending voi'tices. 

We may turn now to the theoretical considera- 
tions which have arisen from a study of vortex 
rings. Two smoke-rings when sent against each 
other bounce and vibrate like india-rubber rings, and 
are not shattered into a shapeless cloud, as one 
might reasonably exj)ect, but rebound and quiver in 
the most wonderful maimer. In this experiment 
the modern physicist sees a picture of what he sup- 
poses to be hapj>ening millions of times per second 
y 



to every tiny vortex-ring* wliich constitutes an 
atom of the air we breathe. Under no circum- 
stances could the jingle of this atomic warfare be 
heard by organic beings, but the vibmtions set up 
do certainly, under certain circumstances, indi- 
rectly afiect one of our sensory organs — viz., the 
eye. We may profitably si^end a few moments in 
seeing how this is managed by some individual 
voiiiex atom. Let us single out one from the 
myriads of vortex-atoma which are jostling each 
other in a flame, and watch its behaviour with the 
mind’s eye. The ring, a, b, c, d (Fig. 9), may re- 
present it After each of its numberless encounters 
it vibrates intensely, altering its shaj^ like b 
quivering smoke-ring, so that we may readily con- 
ceive it to quickly elongate into the ellipse g f 
and diroctly after into the ellipse k 1. During this 
operation, executed in much less than the billionth 
* “ Science for All,” Vol. I., p. 43. 
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part of a second, and being regularly repeated, it 
will be seen that a given portion, c, of the ring will 
make excursions up and down through the distance 
and there will be a succession of ether-waves, 
created like h t. If we were also to consider the 
action of each moving point in the vortex-atom we 
should find it to be a source of ether-waves in the 
same way, and when we consider, moreover, that in 
the flame there, is a countless number of vortex- 
atoms, all behaving somewhat similarly, it is 
evident that such a flame is a vast source of ether 
disturbance, each wave of which, if it be within 
certain limits of length, creates in the eye the sen- 
sation of light. The length of the ether-wave 
which disturbs the retinal rods is very much 
greater than the diameter of the vortex-atom 


which may have produced it, so much longer, in 
fact, that in this respect Fig. 9 is far wide of 
the mark, as the length of A i ought, roughly 
speaking, to be a thousand times the distance a c 
or h d. 

One word more, and then we have done. Poetry 
and Science are said to have little in common, and 
a poet’s licence would certainly have never led him 
to regard the light of Sirius as the music of vibrating 
vortex-atoms. But Science aflii*ms it of this, and a 
great many other stars, so that we may exclaim 
with Lorenzo : — 

“ Look, how the floor of heaven 
Is thick inlaid with patines of bright gold ; 

There is not the smallest orb wliich thou behold* st, 

But in his motion like an angel sings.’’ 


THE ANCIENT AND MODERN ANIMALS OF SOUTH AMERICA. 

By Professor P. Martin Duncan, F.R.S. 


D uring the last geological age, and just before 
the time of man, animals of vast dimensions 
lived in all parts of South America, or rather in 
the zoological province of Austro-Columbia. The 
nature of distributional provinces has been de- 
scribed already,* and it has been noticed that 
South America, as far north as the elevated table- 
lands of Mexico, is a very important example. Its 
limits are the sea to the east, south, and west, and 
the table-lands to the north — limits established by 
Nature during the last changes in the earth’s crust, 
and which restrict the roaming power of most of 
the animals which live within the boundaries. 
Certain animals belonging to the orders Edentata 
(sloths, armadilloes, ant-eaters), Rodentia (hare and 
rabbit order), Tylopoda (camels and llamas), and 
Quadrumana (or monkey order), live in the province 
and characterise it : that is to say, they are not 
found anywhere else on the surface of the earth, 
and cannot move out of the province, because the 
physical geography is of a kind that cannot be 
overcome by their particular methods of locomo- 
tion. In the last chapter of the history of the 
earth there was a distributional province covering 
much of the same ground, and it had characteristic 
animals which are extinct and were gigantic. The 
question is, what relation did this old province and 
its animals bear to the present? The answer is 
not so readily forthcoming as it was in respect of 
♦ “Science for All,** VoL IV., p. 834. 


Australia,t because at the present time Austro- 
Columbia is sub-divided, in a most remarkable 
manner, by natural limits into minor distributional 
provinces which do not appear to have existed 
so definitely formerly. It is necessary first of all 
to consider these separate parts and their charac- 
teristic animala 

When the Europeans first visited the northern 
parts of South America — south of the region of 
the table-lands of the Isthmus of Panama — they 
saw a country of virgin forests, often impassable, 
noble rivers flowing between banks crowded with 
gigantic timber, and here and there open grassy 
spaces. Leaving the very high land and mountain 
ground out of the question, the forest region 
covered the countries watered by the Orinoco, 
Amazon, and other great rivers, and also what is 
now Colombia, the Guianas, Brazil, and much of 
Peru and Bolivia. A hot and moist climate 
favours the growth of vegetation, and the great 
trees of the forest and the dense underwood, are 
rendered all the more interesting by the lianging 
and entwining parasitic plants. 

The eye sees a vast, slightly undulating sea of 
tree-tops from any unusual height, and weeks may 
be passed in voyaging down the great rivers 
between the woodlands of the banks. There are 
swamps by the sides of some of the great rivers, 
and they are often the only open or treeless 
t “Science for All,” Vol. IV., p. 336. 
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country, but usually their banks teem with vege- 
tation. The huge trees fall and rot and disappear, 
others succeeding them. Nothing but the en- 
croachment of the rivers during their occasional 
change of course or extension, lire, and the sea 
l^ave any influence on this land of trees. 

Far away to the south, towards the province of 
La Plata, the great forest becomes broken up by 
large patches of grass land, and still further, tlic 


and the Pacific side of Patagonia, consists of three 
districts — the first, forest land ; the second, graiqr 
and salt plains ; and the third, the hungry, sterile 
gravel and saline ground of Patagonia. 

It must be remembered that the rivers in many 
instances are vast, and utterly impassable by 
many animals. Now, each of these great districts 
forms a little distributional province : each has its 
fauna or characteristic animals. One of the 



Fig. 1.— Geoup of Sloths. 


trees become scarcer and scarcer, plains, at different 
altitudes, succeeding. These are of vast extent, 
and reach from the Atlantic to the Andes. They 
are intersected by rivers, and whilst the majority 
of these pampas may be compared with the North 
American prairies, and are grassy and treeless, 
many thousands of square miles of plain are sandy, 
or the soil is impregnated with salts, and is 
barren towards the south. 

Gradually the fertility of the plains diminishes, 
and in Patagonia, on the Atlantic side, there 
are vast districts of gravel, sand, swamp, and 
salt lake, extending to the Straits of Magellan. 
So that, in a wide and general sense, South 
America, not considering the mountain ground 


most remarkable animals of the forest land of the 
northern parts of South America is the sloth (Fig. 1 ), 
for it is peculiar to those regions, and is not found 
beyond them. The name was given to a number 
of small-headed, tailless, and very hairy, long- 
legged creatures, which live amongst the boughs, 
moving, however, under them by hanging back 
downwards. Their excessive slowness of move- 
ment by day, when they appear dazed with light, 
and their usually being then found sound asleep 
by the hunters, gave the name. But really they 
are nocturnal in their habits, and can move 
very rapidly, if so inclined, by means of their 
long arms and legs, assisted by very long claws. 
Tliey are vegebible-feedcrs, and usually attack a 
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oecropia tree, and gradually devour all its leaves 
before passing to the next. When seen in cap- 
tivity the sloths really deserve their name. Pos- 
sessing no teeth in the front of the mouth, where 
the incisors of other animals occur, the sloths have 
the face, as it were, cut short, and the back teeth 
grow from their roots, and wear away persistently 
at their crowns. Their snub-nose is in front of a 
broad pair of cheeks, the cheek-bones project. 


lovers have to descend and crawl, and it is done 
with apparent difficulty, the weight of the hinder 
parts of the body being maintained on the outside 
of the sole of the foot. This turning in is, of 
course, of great advantage in clinging to boughs 
whilst hanging, but it impedes locomotion on land. 
The ankle-bones are firmly united, but one — the 
astragalus (the bone which in large running 
animals is jointed with the ends of the bones oi 



Fig. 2 .— The Giant Armadillo. 


and there is a downward projecting portion which 
protects, as it were, the lower jaw from a blow. 
As g^t mobility of the head is required when the 
sloth is feeding, the neck is long, and the backbone 
contains an unusual number of vertebrse. But 
the peculiarity which strikes everybody, is the 
great length of the fore-limbs, and the manner in 
which two, or in some kinds three, huge claws are 
folded forwards on the palm. A kind of bony 
covering environs the claws, where they are 
attached to the bones of the fingers, and this is 
necessary in the sloth, for a blow at that spot 
would destroy the nail and stop the creature's 
movements. The long legs end in ankles which 
appear to be turned in. Very rarely tliese tree- 


the legs) — is not included. The outer or small long 
bone of the leg, fits into a cavity, or pit, in the 
outer part of the upper surface of this bone, and 
thus prevents any twisting outwards of the foot. 
It favours the opposite movement, and there are 
two powerful muscles which tend to produce the 
in-bending. 

The sloths belong to an order of mammalia called 
Edentata, and the term relates to the absence 
of front teeth. From their slow movements, they 
are called Tardigrada, and there are two families of 
them — the sloths with three claws on the fore- 
limb, and those with only two. 

These interesting animals are, and must be 
characteristic of the forest land of the Austro- 
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Colombian province from the very nature of their 
restricted locomotion. Moreover, they die off if 
the forest is diminished, and could not live on the 
plains or amongst rocka 

A great number of South American animals are 
more or less covered with a hard, bony crust, which 
is separated into bands passing over the body and 
tail, and have shields placed over the head, neck, and 
hinder parts. These armadilloes have short legs 
and powerful claws, protected as in the sloth, 
and useful for burrowing into the ground. The 
head is rather long, but broad at the back part, and 
there are no front teeth, the back and side ones 
l>eing numerous, single, and constantly growing 
upwards as their tops wear off. From ten inches 
to a yard in length, these armoured animals have 
powerful fore-limbs, with claws and a collar-bone. 
The hind limbs have a large bone projecting back- 
wards from the ankle, and tliis heel bone is of 
great use in the squatting |)Osition, when the 
creature is scratching the earth with its fore-claws. 
The tail is large and well covered, and is also 
useful in this respect (Fig. 2). 

Although these armadilloes cannot mount trees, 
but live beneath their shade and burrow into the 
gix)und, and ai'e eaters of vegetables, as well as of 
flesh and insects, they have several points in their 
anatomy which cause them to be rrmked nearer 
the sloths than to any other animals which 
bunx)w. They are Edentata, of the genus Dasypus, 
so named from the shape of their feet. The great 
armadillo inhabits Brazil, the northern parts of 
Paraguay and of Surinam. It likes the forest, 
and is never found far out in the plains. The 
tatouay has the same geographical range, and 
its claws, as in the instance of the great ar- 
madillo, are protected at their junction with the 
bones of the fingers with the same kind of case 
as is noticed in the sloths. The six-banded arma- 
dillo, a very active little kind, differs somewhat in 
its anatomy from the others just mentioned, by 
having two teeth in front, and the fore-arm cannot 
move the wi-ist up and down, or rotate, as it does 
in the others and in the sloths. It is a carrion- 
eater in Brazil and Paraguay. A hairy armadillo 
is smaller than the last, and is found in multitudes 
on the plains or pampas, where it enjoys the flesh 
of the dead horses. Another, the pichiy, a 
handsome little scaled creature, burrows with 
amazing rapidity in the waterless regions of the 
sand-dunes of Chili and Patagonia, and extends also 
farther north to the jiampas. The curious but 
beautifully ornamented armadillo called the ball 


armadillo, which walks on the tips of its great 
claws, and rolls itself up after the fashion of a 
woodlouse, lives in Brazil, Paraguay, and Buenos 
Ayres, and is the contented companion of the 
hosts of monkeys of the forest. For whilst the 
others of this armoured group with long tails, sufier 
from the teasing propensities of these active 
animals, the little tolypeutes, rolling itself up, 
presents nothing to lay hold of, and the mischievous 
quadrumana pay it but little attention. 

Although the armadilloes, as a group of animals, 
live ill the forest, out on the plains, and even on 
very dry ground — that is to say, under very varied 
physical conditions — ^they are essentially South 
American, and characterise the province as it is now. 
They are not found anywhere else on the surface 
of the earth. 

Allied to the annadilloes are some very remark- 
ably-shaped animals, with very long body, tail, 
hair, snout, and tongue. The head is long and 
naiTow, the tail, very bushy, is flattened from side 
to side. When standing, the fore part of the body 
is highest, and tlie very powerful limbs end in 
claws. It rests on the sides of its fore feet, like 
the sloth, but the hind feet I’est flatly, and support 
the body. Hence, the fore-limb is twisted, as it 
were, and is capable of much motion. This is the 
great ant-bear. It is, however, an edentate animal, 
and not a bear. It lives on ants, whose nests it 
breaks up with its claws, and then protruding its 
very long tongue, covered with a sticky moisture, 
diuws it back covered with the angry little insects 
into the mouth. A very slothful and solitary 
animal, it reaches the length of four feet and a 
half; the tail is longer than the body. It lives 
in all the wann and tropical parts of South 
America, from Colombia to Pamguay, and from 
the shores of the Atlantic to the foot of the Andes. 
Its favourite resorts are the humid forests — but it 
does not climb — and the swampy savannahs, the 
banks of rivers, and the sides of pools. The 
animal is without teeth, but it has a bony palate. 
The collar-bones are imperfect, but the claws are 
as remarkable as they are in the sloths and arma- 
dilloes. They are grooved beneath, and the great 
middle claw esj>ecially, is protected by an expansion 
of bone from the last finger bone. This envelops 
the base of the claw, except quite underneath, 
leaving the tip free to perform its office, without 
endangering the tender bone. Another ant-eater 
is the tamandua, and it leads an arboreal life, 
having a tail stout at its root, round, and tapering, 
and minutely scaled. The animal, were it not for 
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the long head and tail, is not very unlike a sloth. 
The tail is prehensile, and the claws of the fore- 
limb are strong and turned in. Finally, the two- 
toed ant-eater is a little animal having a prehensile 
tail, and living up trees in the forests of Costa 
Rica, Honduras, and Brazil. They have two large 
claws on the fore-limbs, the others being hidden 
under the skin and muscle, and there are four claws 
to the hind limbs. Not larger than a squirrel, the 
little body ends in a long, useful tail, by which the 
animal hangs like a monkey. It is an insect-eater, 
and uses its long, sticky tongue to catch its pi’ey. 

The anatomist has no difficulty in distinguishing 
these ant and insect eating animals from others, 
and in classifying them with their nearest allies in 
point of construction — the ai'madilloes. Thus the 
sloths, armadilloes, and ant-eaters are among the 
Edentata of the South American province, and 
characterise it. Did these groups of Edcmtata also 
characterise South America when it was a natural 
history province during the last geological age] 
The answer is that there were living at that time 
gigantic and small forms of sloths, armadilloes, and 
ant-eaters, and that they were associated with other 
characteristic animals. The deposits on the doors 
of caves in the Brazils contain bones which had been 
washed in there when the drainage of the country 
was different to that which now prevails, and some 
of them have been successfully compared with 
those of existing sloths and armadilloes. 

Bones of an ant-eater, gigantic in size, and 
belonging to an extinct genus called GlmsotJierinmy 
were found in the deposits in the caves which 
included the remains of the sloths and armadilloes. 
The remains of the last-named animals have also 
been found fossil in the pam^ias, or rather in the red 
earth which underlies the surface of the ground 
thera Hence, in the last geological age, forest 
land and plains existed, and were tenanted by 
sloths, armadilloes, and ant-eaters — Edentata of the 
same genera, and probably, in some instances, of 
the same species, as those which live in similar 
localities at the present time. Some of the fossil 
forms were gigantic, and others were small. The 
huge creatures have died from off the land ; 
but many of the smaller were the ancestors of 
the present edentates. A great armadillo-like 
animal, called Glyptodoriy^ lived in the last 
geological age with the true armadilloes of those 
days, and it has become extinct. It was a pro|>er 
associate of the still greater edentate which will 
be noticed presently, Owen considers that a 
* (Jlyptodoviy sculptured tooth. 


specimen of an almost entire skeleton and outside 
armour belonging to one of these extinct armadillo- 
like creatures which is in the British Museum, 
belonged to a small animal of the kind. It 
nleasures nine feet in length, and the armour of 
the back is five feet long and seven feet across, 
following the curve at the middle of the back. 
These edentates were worthy of the name, and the 
principal difference between them and the modern 
forms is, that they had no bands or joints in their 
coat of mail, for the purpose of bending the body, 
or rolling up into the shape of a ball. The great 
body-armour was in one piece, and was covered 
with a profusion of elegant ornamentation. There 
was a plate of solid skin scales on the top of the 
head, and the tail was a marvel of encasement 
within a bony-looking tissue, beautifully sculptured 
in patterns and bosses, curious in their symmetry, 
or furnished with spines, which made it I’esemble 
an architectural spire. Great limbs were added, 
and the necessary heel-bone projections were there. 
The front teeth were wanting, and the side teeth 
or molars, eight in each jaw, grew persistently, and 
had a curious fluted or sculptured appearance on a 
side view. Hence the name of the genus, Glypto- 
don. Several si)ecies existed, but they have all 
disappeared from off the earth. Equally huge in 
dimension was another armadillo-like edentate, but 
it appears to have had greater resemblance to the 
banded armadilloes than to the glyptodons. It was 
about three feet high and eight feet long. 

There were other edentates in those former times 
which were not only vast in their proportions, but 
singular in their method of life. They wei*e 
amongst the largest of animals, and although 
extinct and found in the fossil condition, they 
must be associated with tlie living sloths, arma- 
dilloes, and ant-eaters in the order Edentata, on 
account of much similarity in the construction 
of the skeleton; but they do not belong to the 
same families as the recent Edentata. 

Two of these huge animals of the past, have 
attracted much attention, and there is a skeleton 
of one, the megatherium, in the British Museum, 
and of the other, the mylodon, in the Hunterian 
collection of the Royal College of Surgeons. 

The Megatherium^ was at least eighteen feet in 
length, and had a small head, long neck, huge 
body, vast hind quarters, and a great tail The 
fore limbs were long, and the huge hind feet had 
great heel-bones, which enabled the vast thighs and 
leg-bones to assume the squatting position, when 
t Grent beast. 
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the animal tore down small trees and great 
branches with its clawed hands. Huge as was the 
animal, it was a vegetarian. It had a small 
amount of brain, a great feoe, and the front of it 
was produced, so that the tongue rested on a 
grooved lower jaw. There were no front teeth to 
this curious skull, and its jwssessor probably used 
a long and extensible tongue, after the manner of 
the modern giraffe, in obtaining its leafy food. A 
considerable downward bony projection occurs from 
the cheek-bone, and it probably, as in the little 
tree-sloth, in which it exists also, was useful in 
protecting the jaws from blows. Great shoulder- 
blades were attached to the skeleton, and also 
collar-bones, so that the megatherium had almost 
as much freedom in the movements of the 
arm as a man. Moreover, the wrist was so 
fashioned that the fore-arm could bend up and 
down, or become prone and supine. The fingers 
ended in claws of great size, and the same kind of 
bony case which is seen to protect the root of the 
nail in the sloth existed in a greater degree in 
the megatherium. The position of the fore-limb 
and hand when the megatherium walked, does not 
appear to have been like that of ordinary mam- 
mals, but it resembled somewhat that of the 
slotL There was a turning in of the bones, and a 
greater or less disposition to rest on the outside 
of the hand, and not on its palm. The ribs con- 
tained a great body cavity, and the haunch-bones 
were enormous in their width. As regards the 
foot, it was made upon the same general plan as 
that of the sloth, but it was huge and clumsy, and 
adapted to supt)ort the vast weight of the animal 
The teeth, in the sides and back of the mouth, grew 
after the fashion of those of the sloth tribe, and 
differed somewhat in their construction from those 
of the recent animals. So far as the skeleton of 
megatherium is concerned — and no other parts of 
the animal have been discovered — it is comparable 
in a remarkable degree with that of a tree-sloth. 
But the s|>ecial peculiarities of it, indicate a sloth 
which moved slowly, heavily, and sedately on the 
ground, and which tore down trees or dug them 
up by their roots. 

This huge creature had bones on a larger scale 
than those of the greatest terrestrial animal of the 
present time. The thigh-bone was three times 
as thick as that of the largest elephant, and 
the heel-bone stuck out backwards for nearly 
half a yard. The fore-foot was three feet in 
length. A gigantic vegetarian, and very harmless 
to other creatures, the megatherium probably had 


a longish snout, besides a very long and useful 
tongue. 

The mylodon* was smaller than the megatherium, 
but it greatly resembled its huge fellow-dweller in 
the ancient forests. It was aVx)ut eleven feet in 
length, and had a small head, no front teeth, a 
process from the cheek-bone, huge blade-bones and 
collar-bones, vast forearm-bones, and five clawed 
fingers. The body was huge, there were great 
haunch-bones, stout thighs, and the toes, four in 
number, had claws on two. A great tail added to 
the similarity between the two extinct creatures, 
both of which were huge ground-sloths. Mylodon 
must have had a long tongue, and the bones of the 
neck permitted the head to be moved readily. Its 
power of pulling down boughs or tearing up small 
trees, must have been great. But like the mega- 
therium, it had a small brain, and doubtless lived 
a sim})le life of great sameness, and it depended 
upon the persistence of the forest land for its 
existence, quite as much as the tree-sloth of to-day 
does on the preservation of cecropia trees by 
nature. No descendants of these great ground- 
sloths exist. 

Living in the same forests as the sloths, but not 
known beyond the region of tropical heat, are the 
hosts of monkeys of the New World. These ai-e 
the howlers, the spiders, the capuchins, the sai- 
maris, the owl-monkeys, the sakis, and the mar- 
mosets and tamarins. All are readily distinguished 
from the apes, baboons, and common monkeys of 
the Old World. Those of the New World have, 
with some exceptions, prehensile tails, and all have 
broad noses and different teeth to their allies in 
Asia and Africa, so that the South American 
monkeys are distinct, and characterise the northern 
part of the province. 

In the last geological age there were monkeys 
in the forests with the sloths, and fossil remains 
of capuchins (genus Cebu^y of saimaris (genus 
Callithrix)y and of marmosets (genus Hapale) have 
been found in the Brazilian cave deposits. Some 
were those of individuals much larger than the 
present kind, but they led the same kind of lives. 

Besides these there are the remains of a large 
monkey whose bones cannot be identified in shape 
with Ihose of any living kind, but it was South 
American in its peculiarities. It belongs to the 
extinct genus Protopithecua. Mr. Darwin was 
struck with the number of rodents or gnawing 
animals which live in the pampa regions, and, 
indeed, they are common everywhere in South 
* Mylodon^ mill tooth. 
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ease. Its coarse hair of brown and black, with a 
white stripe under the body, is longer behind, and 
gives the animal a bulky look about the hind legs. 
The head has small ears, and its tail is almost 
absent, whilst the slender legs have only three toes 
on the fore-feet. Farther north than where this 
agouti lives, there is another, which is restricted to 
Paraguay and South Brazil ; whilst a third is only 
found in the north of Brazil, Guiana, and in several 
of the West Indian Islands. It has a tail. 
Another member of this family is the paca, and 



Fif?. 3. — Patupouitin Cavy. 


ALmerica, but certain species and even genera are 
restricted to one province. Thus, amongst the 
Caviidae (cavies) there is a creature called the capy~ 
ba/ra, and it is the largest of all existing rodents, 
some specimens measuring over four feet in length. 
It is a stoutly-made animal, with a large head and 
a blunt muzzle, and ii has small ears and no tail. 
The limbs are of moderate length, and the toes are 
webbed. It is more pig-like than others, and it 
is called water-pig (llydrochcerus). These large 
rodents frequent the borders of the lakes and 
rivers, and formerly lived in tlie 
islands in the mouth of tlie River 
la Plata, swimming in salt as 
well as fresh water. They never 
wander from the water-side, and 
show a marked preference for 
large rivers, and they live 
amongst the reeds and other 
fringing plants. They dive and 
swim, and cany their young on 
their back, and apjjear to feed 
by night more than by day. 

Its nearest ally is the Pata- 
gonian cavy, a rodent very hare- 
like in appearance, and nearly 
three feet in length, and weighing 
from twenty to thirty-six pounds. 

It has a short tail, pointed ears, 
and thin legs, and inhabits Pata- 
gonia as far south as 48° S. lat., 
and extends northwards as far as 
the sterile country and gravelly 
plains reach. It is a burrower 
and is a great wanderer, and Mr. 

Darwin notices that ‘‘ it is a 
common feature in the landscape of Patagonia to 
see in the distance two or three of these cavies 
hopping one after the other over the gmvelly 
plains ” (Fig. 3). 

Tlie restless cavy, probably the wild “ guinea- 
pig,” is a common rodent in the neighbourhood 
of La Plata, and seeks watery, sandy, and forest 
localities, and its distribution is as far north as 
Guiana. On the other hand, the southern cavy is 
restricted to Patagonia. 

Another family of rodents is that of the Agoutis 
(Dasyproctidce), and the species are all restricted 
within the limits of the great Austro-Oolumbian 
natural history province, but they keep to the 
forest region, haunting the banks of the rivers. 
The common agouti is from eighteen to twenty 
inches long, and runs and springs with velocity and 
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it is shorter than the agouti, and has five toes. 
Its arches of bone (zygoma) between the cheek and 
the ear arc enormous in size, and are, as it were, 
inflated. It is a forest dweller, and inhabits the 
country from the table-lands to Paraguay, burrow- 
ing down to four or five feet, and swimming well. 
Another family, peculiar also to South America, is 
that of the chinchillas (Wiinchillidai). They are 
more or less rat-like in appeamnee, and the S}>ecie8 
which inhabit the pampas are heavier-looking 
animals than those which live in the hill countiy, 
and which yield the celebrated fur. One of the 
commonest is the viscacha, and it is not unlike a 
mamot, and has a longish tail. It has a soft coat 
of brown hair, more or less grey above, and there 
ai'e four toes on the fore limbs and three on the 
hind ones. They live as buiTowers in the pampas, 



210 


SCIENCE FOR ALL. 


from Buenos Ayres to Patagonia, and are noc- 
turnal in their habits, moving very like the rabbit. 
The chinchillas of the Andes are more squirrel- 
like, and their beautiful soft fur is of a grey colour, 
mottled with darker and lighter tints. The ears 
are large, there is a tail, and they run very much 
like mice. Inhabiting clefts in the rocks, they 
come forth at twilight. 

The porcupines which live in trees and have pre- 
hensile tails, mnge over the Austro-Columbian 
province, and different species live fi‘om the 
region of table-land in Mexico to Paraguay. 
They are essentially forest-dwellers, and are often 
twenty inches in length, and the tail is often seven 
inches long. They climb and cling, and rest 
securely on the branches with their tails, and are 
nocturnal in their habits. Their spines are not as 
large as those of the common |>orcupines of the 
Old World, but they afford a protection, and those 
of the tail are useful offensive weaiK)na. They 
belong to the family Hystricidse. 

Another family more or less allied to the por- 
cupines has the bulk of its species in the Austro- 
Columbian province, but some inhabit South Africa 
and the West Indian Islands. But this remark- 
able distribution must not interfere with the 
value of the facts that the ctenomys, or tuko-tuko 
genus, ranges as far south as the Straits of 
Magellan, and that the coypu {Myopotamus)^ a 
large rodent, lives on the shores of lakes, of the 
sea, and on the banks of rivers. They are capital 
divei’s. Other members of this family, which, 
from their having four molar teeth on each side in 
each jaw, are called octodonts, are found in Chili 
and Bolivia. 

It is thus evident that amongst the rodents the 
families Caviids©, Dasyproctidae, Chinchillidae, Octo- 
dontidae, and a sub-family of the Hystricidae are in 
the Austro-Columbian province. As Austro- 
Columbia is the stronghold of many families of 
rodents now, so the ancient distributional province 
had a grand fauna of them during the last geo- 
logical age. 

Firstly, in the bone-caves of Brazil Dr. Lund 
obtained the osseous remains of Caviidae. Some 
belonged to the genus Cavia, and two to that of 
Hydrocheerua, and one of these last closely re- 
sembled the existing capybara, whilst the other 
belonged to a gigantic species some five feet in 
lengtL Then, in the deposits of the pampas the 
remains of a cavy have been found, and it is 
probably the same as the Patagonian living species. 

Secondly, the same caves yielded the bones of 


two species of agouti and two pacas, and of these 
dasyproctidflB, one is a species probably still living ; 
all the others are extinct. 

Thirdly, the chinchillidsB left their remains of 
old in the caves, and an extinct kind of viscacha 
is found thera 

Fourthly, the genus sphinguinis, the tree-por- 
cupines of the hystricidffi, had two species during 
the last geological epoch in Brazil. 

Finally, the octodontidje were an important 
family during the last aspect of nature before the 
present, in South America, for two species of tuko- 
tuko {cteii 07 )iy 8 )i one of which is the same as the 
existing fonn, have been detected in deposits by 
the study of their bones, and also a fossil coypu, 
not very unlike the living species. 

Thus, the old natural history province was 
characterised by its rodents as it is now ; the fossil 
kinds were allied to those living, and some were 
absolutely the same. The gigantic size of some 
extinct ones must be remembered. But besides 
these fossils there were some which cannot be 
placed in classification with any genus of the 
existing Austro-Columbian rodents, yet belong to 
the special families. The persistence of the particular 
type of rodents is thus very remarkable in the 
province, and the present assemblage was clearly 
foreshadowed in the past, for existing and now 
extinct species lived together. Now, the history 
of the discoveries of fossil rodents opens out the 
idea that the former Austro-Columbian province 
was more extensive than the present. Thus, in 
South Carolina, Leidy has found a fossil hydro- 
chserus, and Cope has described two genera of 
chinchillidae from the bone-caves of Anguilla, in 
the West Indies. The fact of existing species 
of the same group of octodonts or the coypu 
living in the West Indian Islands, such as the 
Ifntia Covya of Cuba, and another from San 
Domingo, indicates a terrestrial continuity in a late 
geological age, and a more extensive province ; and 
to com])lete these remarks on the rodents, there is 
the highly suggestive fact that there are fossil 
species of octodontidsB in South America and 
living species of different genera of the family in 
Africa. 

Amongst the bones found in the red earth of the 
pampas, is the huge skull of an animal which 
must have attained the dimensions of a rhinoceros, 
yet the great bent fore-teeth give it the appearance 
of a rodent, and this is increased by the size of 
the bony arches on either side of the face. Con- 
sidered superficially, this huge skull might have 
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been presumed to have belonged to a rodent vastly 
larger than the capybara, and it has been instanced 
as a proof of the former existence of a gigantic type 
of an order which still prevails in the provinca 
But careful examination detects differences between 
the skull and that of the rodent, and shows that 
in its construction and teeth, taken with the nature 
of what is known of the limbs, this old remain 
belonged to a most exti*aordinary animal with some 
of the peculiarities of the rodent, of the edentata, 
and of the ungulata. It thus combined characters 
of three great groups of animals, whose familiar 
representatives are the rat, the sloth, and the 
hyrax or cavy. It is what is termed a synthetic 
type — one that conjoins several structural ideas and 
realities. It is called the toxodon, from the bent 
nature of its front teeth, and is extinct. Long 
after this toxodon was discovered by Mr. Darwin 
several skulls and bones of a great species of 
extinct animal were found in the pampas clay, 
and which were not without their resemblance to 
the fossil just noticed. The front teeth were much 
the same, but some were worn, like those of the 
rodent, othei*s being flat, as in toxodon. This 
blunt-toothed rodent had a very massive skull, 
with crests of bone on it which join the arches on 
the side of the cheek, so as to hide the brain-case 
from side view. The lower jaw is very like 
that of the hare, but it is hung to the skull in a 
different manner to tliat of any living rodent. 
This merotherium had collar-bones, and its shoulder- 
blade and upper arm bones resemble those of the 
beaver. Its small leg-bone is jointed with the 
heel, as in the hare. Its five toes, with hoof-like 
claws, resemble those of the caviidse, and it pro- 
bably had tlie habits of the capybara. But besides 
these peculiarities, it has structures which ally it 
with the edentate and the ungulate hyrax. Tliis 
is also a synthetic type, and has the Austro- 
Columbian characteristics. 

Mr. Darwin described, many years ago, the 
curious habits of the guanaco, or wild llama 
{Auchenia)y which he distinguished as the charac- 
teristic animal of the plains of Patagonia. This 
camel of the West, as it has been called, has no 
hump, but it has a head not unlike tliat of the true 
camel, and its feet differ slightly also. But it be- 
longs to the same order — the tylopoda, or cushion- 
footed animals, amongst the mammals. They live 
in herds of from half a dozen to thirty in each, or 
more, and roam over the whole of the temperate 
parts of the continent, as far south as Tierra del 
Fuego. Another kind, the vicuna, is smaller, and 


lives in upland regions in the Andes, coming down 
into the valleys. The domestic llama is a tame 
guanaco, and the alpaca is a domesticated vicuna, 
and the wild ones have a great ancestry. 

Considering that the rodents and edentata 
characteristic of the natural history province of 
South America were represented there in the 
last geological age, it might be anticipated that the 
llamas would have been foreshadowed in the past. 
It is true that remains of auchenia (llama) have 
been found in the Brazilian caves ; but there were 
other llama-like animals then living which are now 
extinct, and which in their size bore some relation 
to the extinct represcmtatives of the armadilloes and 
sloths. The resemblance to the camels, now 
restricted to the Old World, of some of these old 
forms was remarkable, and two genera illustrate 
this — ^namely, Palatolavia*^ and Camelotheriimi,f 
There was also living with these in the last 
geological age a huge llama-like anin)al, which, 
instead of having two toes to the feet, like the 
llamas and camels, had three. Its skull was 
like that of a horse, and the body like that of 
a gigantic llama. It is the MacraucheniayX and it 
was found in red mud capping the gravel of 
Patagonia. 

Just as the edentata, quadrumana, rodents, and 
tylopoda characterise the natural history province 
now limited to the norih by the physical boundaries 
of the Mexican uplands, so some of their predeces- 
sors characterised a former province, which, how- 
ever had a greater extension to the north and 
north-east. There is evidence that, either in the 
last geological age or in one before it, there was 
a connection between some of the West Indian 
Islands and the mainland, and a free passage up 
into North America without the present table- 
lands intervening. Poi’tions of the skeletons of 
species of megatherium and of mylodon have been 
found in North America; associated witli them 
were the remains of an edentate called Megalonyx.^ 
Again, in Cuba the remains of heavy ground 
sloths of extinct genera have been found. 

It then appears from the researches of the dis- 
tinguished geologists of the United States that in 
the mid-tertiary age there were great ground sloths 
in the north. Moreover, the llamas once roamed 
fxr north, for an auchenia left its teeth in the 
latest dej)Osits in California, and an ancient tylopod 
lived in Virginia, Nebraska, and Texas during the 
middle and later tertiaiy agea So the history of 

* Old llama. t Camel-benst. t Great auchenia. 

§ Great claws. 
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the South American province appears to be, that 
in the first instance it was so united to North 
America that the largest known animals had free 
roaming ground from the north to the south, and 
that there was a land connection with the West 
Indian Islands. Then a great change occurred. 
Firstly, an open sea separated the Americas, and 
the West Indian land became a number of islands. 
Secondly, upheaval of the isthmus and of the great 
table-lands occurred, and a natural barrier was 
established. Thirdly, those changes took place 


which determined the extinction of the great 
edentata — the llamas, tlie rodents, and the other 
characteristic animals of South America. In con- 
clusion, the reader must be reminded that when 
the Europeans firat visited America, no horses 
were seen there; yet fossil bones not very dis- 
similar from those of horses which live in the Old 
World are found in abundance. Hence the divi- 
sions of the present natural history province 
were not so decided as they are now during the 
last geological age. 
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T he common edible mushroom grows in short, 
rich pastures, and, as a rule, nowhere else. 
It has a very pleasant odour, and may be readily 
distinguidied from all other agarics by the follow- 
ing characters : the chief parts being the cap, or 
top, and stem. The cap is very seldom more than 
three or four inches in diameter, and its inner sub- 
stance is white, or slightly pink, moderately firm, and 
never thin, brittle, or watery. The top of the cap 
is white, whitish, or pale brown or buff, dry, and 
slightly flocculose, never smooth, never viscid. The 
covering or skin of the top depends from the edge as 
a narrow, regular frill, and if this frill-like edge be 
taken between the finger and thumb, the top of 
the mushroom can be entirely peeled. The gills 
undemeatli the cap are at first rose-colour, then 
purple-brown, at length almost black : they are 
never permanently rose-colour, or white, and never 
black in a young state. The gills never actually 
touch the stem. Tlie stem is generally about three 
inches high, neither solid nor hollow, but lightly 
stuffed up the middle with a somewhat loose pith. 
Tlie stem is furnished with a ring round its middle, 
which becomes ragged with age. The dust-like 
spores or seed-like bodies which fall from the gills, 
and to which we shall afterwards advert, are purple- 
brown, or almost (never quite) black in colour. 

The common edible mushroom {Agaricus campes- 
trisy It,)* is one of the best known and most cosmo- 

* The letters or contracted words after the scientific name 
of a plant or an animal refer to the naturalist who first 
published a description of the species, and gave it the desig- 
nation it now bears. For example, “L.” or ‘‘Linn.” means 
that Linnsus first made the organism known to the scientific 


politan of plants. It grows freely in all parts of the 
world, though more frequent in temperate than in 
tropical regions. It everywhere grows on grassy 
plains, commonly the plains of level countries, and in 
places where flocks of sheep and herds of cattle are 
pastured, hence the correctness of the Latin specific 
name, campestrisy given by Linnseus. Strange to 
say, the popular name of the common edible 
agaric is everywhere the meadow mushroom,” 
and ‘Hhe mushroom of our meadows,” whereas, 
as a rule, the mushroom never grows in true 
meadows, where grass is grown for hay, but in 
short, rich pastui'es, and on flat downs, where 
the grass is continually eaten off by animals. The 
strong growth of high meadow grass would be fatal 
to the growth of the true mushroom. In addition 
to the genuine edible mushroom, empirically known 
by its small size and place of growth, there are 
numerous varieties of the true mushroom known to 
botanists, horticulturists, and mushroom-growers. 
There is a small, genuine, and excellent mushroom, 
with a brown and scaly top, sometimes found in 
pastures and amongst the short grass of roadsides. 
When broken, the flesh of this variety turns to a 
pale carmine or pink colour. This is the Aga- 
ricus pratensisy Vitt. Tliere is a close ally named 
A, rufescenSy Berk., in which the flesh turns to a 
much brighter red when bruised or broken. There 
are two varieties, named A, vaporariusy Otto and 
Vitt., distinguished by minute botanical characters, 

world; “Berk.,” that Mr. Berkeley wa« it« godfather; 
“Schaeff.” or “Cke.” that Dr. Schajffer or Dr. Oooke played 
that part toward® it ; “ Fr.,” that the great Swedish botanist, 
Elias Fries, did so ; and so on. 
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and there is the woodland variety known as A, 
silvicola, Yitt., with a smooth cap and long, 
bulbous stem. This form grows in woods, but its 
botanical characters, and its place of growth, 
are suspicious. The horse mushroom (A. wrvmsis^ 
Schseff) is the “field mushroom” of botanists. 
This plant grows in fields and meadows, and often 
forms large fairy rings under and neai' trees. It 
frequently attains a very large size : — all “ gigantic 
mushrooms” are “horse mushrooms.” This form 
has a tawny, scaly top, and its flesh turns to 
a yellow or brownish colour when biniised or 
broken. It is a coarse species, or variety, generally 
wholesome, but occasionally indigestible and bad. 
The mushroom of our markets and of professional 
mushroom-growers has been named A. hortenais^ 
Cke. It is generally described as a variety of the 
true edible mushroom, but it is much nearer in all 
its qualities to the inferior horse-mushroom (d. 
a/rvensis, Schseff), The mushroom of our mush- 
room beds {Agaricua iiortenaia)^ whatever it may 
be, s|)ecies, variety, or hybrid, has been mainly 
selected for cultivation for its ready and prolific 
grow til on dung- heaps, and in cellars, out-houses, 
and dark places. The true pasture mushroom, 
as a rule, refuses to grow in such positions. 
There are several other allied species and varie- 
ties of mushroom, well known to botanists, with 
qualities, in some instances, certain, in other 
cases unknown; but it would be beyond our 
province to describe them all in the present paper. 
Occasionally varieties are seen that differ from every 
described species. Such forms appear to be 
genuine hybrids. It is almost impossible to de- 
scribe in words all the shapes and colours which 
appertain to the true mushroom and its numerous 
congenera Coloured drawings are a great aid in 
the determination of doubtful forms. Accordingly, 
the reader is referred to the complete series of 
coloured drawings of the mushroom and its allies 
(made by the writer of this paper) in the Depart- 
ment of Botany at the new Natural History 
Museum, South Kensington, London. 

Mushrooms, and especially such as are cultivated 
on mushroom-beds, frequently grow in an abnormal 
manner, and these forms are very puzzling to 
beginners. Occasionally they put on a puff-ball 
character, with gills inside and no stem. Some- 
times the gills grow on the top of the cap instead 
of underneath ; at other times the gills form a 
spongy mass, instead of being regularly disix)sed 
in radiating plates from the stem. Sometimes the 
stem is ringless. One of the commonest aberrent 


forms is termed the proliferous condition. In this 
state a second mushroom grows in an inverted 
position on the top of the original mushroom, and 
it is by no means uncommon to see even a third 
mushroom growing on the inverted stem of the 
second. 

The artificially-grown mushrooms of our markets 
and gardens are certainly not the same with the 
genuine mushrooms of our pastures. The naturally 
grown mushrooms of the street vendors are simply 
the fungi gathered promiscuously by the vendors 
themselves in fields and plantations. Genuine 
mushrooms are rarely present in hawkers’ baskets. 
The horse-mushroom, however, frequently appears, 
together with several poisonous and non-poisonous 
species (to be hereafter refen^ed to), and easily 
distinguished by a mycologist. The reason that 
fatal accidents do not more frequently occur from 
the consumption of these dubious and often half- 
putrid mushrooms is that the poisonous properties 
(when present) are more or less dissij^ated by the 
fire in cooking, or neutralised by the salt, pepper, 
bread, and other articles consumed at the same 
time with the fungi 

The general proportions of the true edible mush- 
room are accurately shown in Fig. 1. The parts 
consist of the cap {pUeita), A ; the gills (lantielUv)^ B ; 
the stem (atipea), c c ; and the collar, or ring 
(aiinulm), D. The same parts are shown in 



Fig. 1. — ^The Edible Mushroom (ilgaricus oampeiitri«X 


section in Fig. 2. The top of the true mushroom is 
furnished with a somewhat flocculose cuticle, skin, 
or veil {velum)^ which readily separates from the 
flesh of the cap, as at e, Fig. 1. This veil is, during 
the infancy of the fungus, continuous with the ring 
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of the stem^ and serves to wrap the very young plant 
in one continuous wrapper, as in the section at r, 
Fig. 2, The clothy veil or skin is shown at the 
moment of rupture at g, Fig. 2. The remains of 
the ruptured veil are generally seen in the form of 
a narrow dependent margin to the cap, as shown 
at j j in Figs. 1 and 2. The cap in the mushroom 
is never ^in, watery, and brittle, but always 



Tig. 2.~Section through a Mature and a “ Button ** Edible 
Mushroom. 


firm and fleshy. The gills are somewhat crowded 
together, at first whitish, then ros(5 colour, at 
length dark purple, brown, or almost black. The 
gills are sub-deliquescent, but never truly deli- 
quescent. A point of considerable importance in 
the determination of the true mushroom is the 
presence of a small chamiel round the top of the 
stem, at the point of insertion of stem into cap, 
seen at H h in Fig. 2. In the true mushroom the 
gills do not touch the stem, and the stem readily 
breaks away from the cap, lea\ing a hollow at the 
point of insertion. The stem of the mushroom 
is stuffed, neither solid nor hollow, but loosely 
packed with a cottony pith. The collar round the 
stem at D D (Figs. 1 and 2) is one of the characters 
upon which the correct determination of the mush- 
room depends, and the absence of a collar is a 
fatal objection to any mushroom-like fungus. A 
true mushroom is always dry, never wet or viscid. 
It also has a pleasant odour, very different from 
the nitrous or offensive smells peculiar to some of 
the fungi which resemble the mushroom in form 
and colour. If these characters are taken, with 
the general nature of the true habitat, viz., rich 
and airy pastures, little fear of error in determi- 


nation need be apprehended. Edible mushrooms 
never, as a rule, grow in woods, never in wet 
meadows, never on rotten stumps and palings, and 
seldom on dung or under the shades of trees. 

The structure of a mushroom is very simple, 
and it possesses none of the complicated parts 
found in some flowering plants, ferns, and mosses. 
A mushroom is wholly built up of cells or semi- 
transparent bladders of extreme minuteness. So 
small and light are these cells that it takes one 
and a half million of millions (billions) of them, 
with their contained water, to form eveiy ounce 
of the mushroom’s weight. Some of these minute 
bladders are sausage-shaped, others are round, 
whilst a third set, on and near the gills, ultimately 
get coloured and otherwise differentiated, till at 
last the dark- coloured spores (the minute repro- 
ductive bodies analogous with seeds) are produced. 
The stem of a mushroom is entirely composed of an 
infinite number of microscopic, sausage-shajied cells 
or bladders, placed end on end and slightly interlaced. 
As these bladders approach the cap, and especially 
as they approach the surface of the gills, they 
gradually get rounder and denser. Water is a 
large constituent in the mushroom : it forms ninety 
per cent, of the whole plant, and passing through 
the walls of the cells permeates the whole 
fungus. All the more interesting structural points 
in a mushroom are to be found in the cap, chiefly 
in and u{>on the gills. To make an examination of 
the minute structure of the mushroom, the first 
thing necessary is to cut off the stem, and 
then cut a slice off the edge of the mushroom, as 
seen at a, Fig. 3. When this small slice is 



Pig-, 3, — Section removed from edf?e of Cap of Edible Mushroom 
Iirepomtory to miuute examination. 


removed, the gills will be seen cut across as in 
the diagram, and the gills now seen in sec- 
tion will resemble a number of teeth naturally 
outlined with a dark line, as shown. This dark 
line is a section of the liymeMium^ or fruiting 
surface, and this surface is studded all over with 
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the seeds or spores destined (under favourable 
circumstances) to reproduce the species. The 
hymenial surface or layer covers and follows all 
the folds of the gills, and it can in some fungi 
be peeled off and laid out flat like a handkerchief, 
or be floated in water as one continuous film. It 
may be compared in some fungi with the external 
layer on the convolutions of the brain of animals. 
A pocket lens, or even a low power of the micro- 
scope will show us little or nothing of the minute 
parts of a mushroom. To see even the constituent 
cells we must begin with a power of about 120 
diameters. Our object now is to understand the 
structure of the gills in mushrooms, as seen in the 
section exposed at a, Fig. 3. For this purpose we 
must slice off an extremely thin and transparent 
fragment, such as might be enclosed in the very small 
square at b. Fig. 3. It should be said here that this 
square is represented at least ten times as large as 
the square the gills would naturally present. The 
drawing at Fig. 3 is a diagram, and necessarily 
conventional. The gills in nature are really as 
thin as sheets of writing-paper, and the atom to 
be seen in section would only well cover the point 
of a pin. When we get this transparent slice from 
the exposed surface of one of the gills, place it on 
clean glass, and magnify it 120 diameters, we see 
it as in Fig. 4. We here perceive the minute 



constituent cells or bladders quite distinctly. The 
longer and looser ones running down the middle 
(a a) belong to the trama^ tramway or passage 
down the middle and between the two sides of the 
gills. The rounder and more compact cells at each 
side of the figure (b b) are the slightly- tinted cells of 
the hymenium or spore-bearing surface. The minute 
hollow dots running up the extreme edges on both 
sides are the spores. In some black -spored agarics 


the spores are so large that they can be clearly seen 
with a Coddington lens, but in the pasture mush- 
room they are so small that a power of one hundred 
and twenty diameters is perfectly useless for making 



Fig. 5.— Section through Surface Colls of Qill of Edible Mushroom, 
showing Spores, &c., enlarged 1,500 diameters. Germinating 
Spore at foot enlarged 3,000 diameters. 

them out. Fig. 5 shows us what can be seen with 
a magnifying power of one thousand five hundred 
diameters. It is needful for us now to direct our 
attention to the very edge of the section only, so 
that we may understand the nature of the hymenial 
surface. The cells at and about A a A, Fig. 5, are 
the ordinary cells or bladders of which the plant 
is built uf) ; but as these cells approach the surface 
at the left edge they become “differentiated” (as 
botanists say), or become possessed of peculiar 
properties not possessed by the ordinary cells of 
the j)lant. The more important of the hymenial 
cells are shown at b b. These bladders are termed 
basidia, sporophores, or spore carriers. At first 
they resemble the ordinary cells, but they speedily 
become furnished with four small horns (c C C c), 
spicules, or “ sterigmata.” These horns bud at the 
point (d d), and the buds speedily grow into spores 
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(b e). The spores are at first white, then rose- 
colour, at length almost black. Two spores ap];>ear 
at a time diagonally on the spicules of the basidia, 
and as the two other spores on the remaining spicules 
quickly appear, they push off the two that were 
first formed in the manner shown at f f. Each 
spore is furnished with a minute projection at its 
base, answering to an umbilicus. This projection 
indicates the point of attachment to the mother 
mushroom. We may pause here for an instjuit to say 
that when, a few years ago, the gi*eat controveray 
was going on about ‘‘ spontaneous geneiution,” one 
of the leaders of the movement illustrated a spon- 
taneously-genemted spore. The spore was illus- 
trated with a pi*ojection of this nature, plainly 
showing (by the umbilical sjxjt) that it must 
have fallen from a true mother fungus. The 
sporophore, or spore-cari*ier, is clearly analogous 
to a female organism, but the presence or not 
of a male organism in the mushroom is much 
disputed. Many botanists, including the writer, 
believe male organs to be present in the cells, H H, 
named cysts, or cystidia. These cystidia are 
present (though often obscure) in all mushroom- 
like fungi; they are abundant on the hymeiiial 
surface, though less in number than the spore- 
carriers. The basidia, or spore-carriers, are about 
equal in number with the simple cells that are 
exposed on the hymenial surface. The cystidia are 
about one-quarter the number of the basidia; 
they are filled with protoplasm, and caiTy exces- 
sively minute granules in susi^nsion. In some 
species there is a cover, which at a cei*tain period 
of the growth of this fungus, flies off the cyst, and 
the minute granules sail out. Some botanists look 
upon these granules as analogous with the pollen 
in flowering plants, and the antherozoids of algse, 
mosses, and ferns. Returning to the spores, they 
are each furnished with a distinct coat, which is at 
first white, becoming rose-colour, at length (from oxi- 
disation) purj)lish-black. They are filled with con- 
densed proto})lasm, and are destined (after the man- 
ner of seeds) to reproduce the parent plant. When 
ripe, they drop away, or are pushed off from the 
hymenium, and if they fall in any suitable place they 
speedily burst. The bursting commonly takes place 
at both ends (h h), and the contained vital fluid, or 
protoplasm, i>ours out in the form of a fine thread. 
The spores buiat readily enough on glass, damp linen, 
paper, and on various other materials in moist air. 
In a ripe mushroom, the spores of coui'se fall from 
the hymenium to the earth in tens of thousands, 
and if the ground is suitably damp, and the air 


warm and moist, tens of thousands of fine mush- 
room threads will be produced on and in the 
ground, and this thready interlaced material, when 
incorporated with old dung and earth, is the ‘‘mush- 
room-spawn of the mushroom-grower. A good way 
to see mushroom spores is to cut the stem off a 
mushroom close to the cap, and place the cap gills 
downwards on a sheet of white writing-paper or 
glass. If left all night in this i)Osition, a plentiful 
deposit of the spores will have fallen on to the 
paper or glass by the morning. In the mushroom 
the ripe spores are deep purplish-black or purplish- 
brown in colour, and this is one of the essential 
characters of the plant. Spores are short-lived, 
and when shed in an unsuitable place speedily 
perish : they cannot withstand any extremes of 
heat, dryness, or moisture. Not so the spawn; 
this, when once fonned, can remain in a quiescent 
or resting condition for several years, though a 
su|)erabundance of humidity or drought will, no 
doubt, injure or at length destroy it. The spawn, 
like the fungus which arises from it, is wholly 
cellular, and it carries the growth of fungi on from 
year to yeai* in the same way as does the quiescent 
re8ting-si)ore of the fungus of the potato disease, 
described in Vol. III., p. 216. 

Mushrooms are commonly looked upon as 
amongst the most rapid gi’owing of all known 
plants ; but this idea, con‘ect on the whole, requires 
some little modification. It must be remembered 
that the ripe spores of the mushroom fall to the 
ground in October, and at that time burst and 
begin to form the perennial mycelium. The growth 
of this spawn or mycelium goes steadily on in the 
ground all through the winter, and all through 
the succeeding spring and summer. This spawn 
gradually gets denser and denser, and forms more 
and more cells whilst it is still hidden in the earth. 
When the autumn comes once again it is commonly 
forgotten that a whole year’s subterranean growth 
of the mushroom has been going on unseen, and 
that bulb-like growths of the mushroom are 
present underground (like bulbs of lilies), ready to 
start into rapid growth on the advent of proj^er and 
favourable conditions. The warm and moist air of 
October is highly favourable for the development 
of mushrooms from the dense masses of living and 
mature subterranean fungus-spawn. From June 
to October mushroom “ buttons,” ranging from the 
size of a pin’s point or head to that of a hazel-nut, 
may always be seen if the earth is turned over in 
mushroom-producing pastures. These buttons, if 
dissected, will be found to have all the parts of the 
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mn^Toom in a firm and consolidated state. The 
-warm autumn rains soon distend the cells of the 

buttons ” to ten times their summer size, and 
then the young mushrooms peep out of the ground 
as white buttons the size of a large marble. The 
warm air of one or two days is sufficient for 
farther growth, and the complete expansion of the 
umbrella-like cap. The 8upiK>8ition that mushrooms 
come up in a single night is founded on imi)erfect 
observation ; the young plants are hidden by the 
grass and earth, and are overlooked. Experienced 
mycologists know perfectly well where the autumn 
agarics will appear even during the si)ring 
months : the condition of the pasture grass gives 
a clear indication. It is exactly the same with 
truffles : mycologists know at a glance, far better 
than any truffle dog, where truffles are certainly to 
l>e found ; the neighbouring trees, the semi-open 
spots, the soil, calcareous or otherwise, give un- 
erring indications. 

Several fungi are frequently mistaken for true 
mushrooms by inexperienced persons, and the 
greatest stumbling-block is, no doubt, Agarictta fas- 
Fr., and its close ally cniatuliniformisj Bull. 
These two agarics generally grow in woods. They 
are clammy to the touch, have a very disagreeable 
smell, and the clay-brown but never black gills dis- 
tinctly touch the ringless stem. The cap has no 
distinct hanging frill at the edge, and the SjK)res 
or seeds are clay-brown in colour. These agarics 
look considerably like horse-mushrooms to an 
inexj)erienced observer, and they are sometimes 
seen exposed for sale with mushrooms in mar- 
kets. They are highly poisonous. A trust- 
worthy account has been published of the 
dangerous A, /astihilis, Fr., invading mushroom- 
beds and ousting the Ixjd-mushrooms. Whether 
an incident of this class occurs rai-ely or fi-equently 
no one knows just now ; but it clearly adds a 
serious difficulty to the correct determination of 
fungi, edible or otherwise, bought from dealers. 
Much more like a true mushroom is A, cervinus, 
Schaeff., but this plant almost invariably grows 
on rotten stumps. The stem is j^erfectly ring- 
less, and there is no hanging frill round the 
edge of cap. The gills are white, then perma- 
nently pink, never black. This is a suspicious 
species, belonging to a dangerous class. Not far 
removed from the true mushi-oom is Agaricus vd'tJtr 
tinu%. This plant resembles a slender, thin-fleslied 
mushroom, with a hanging fringe round the edge 
of cap ; and brown, at length black, gills, which in 
this species distinctly touch the ringless hollow stem. 
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It generally grows about rotten stumps, about dung, 
and in gaidens. It is commonly exposed for sale 
with mushrooms, and like the next is largely used 
for ketchup-making. It, however, belongs to a 
suspicious cohoiii, and is probably dangerous. 
A. lacrymahniidns^ Bull., is frequently seen in 
mushroom-baskets. It is an ally of the last, but 
more like a mushroom. It glows in the same 
places with the last, and is as fleshy as a tine 
mushroom. The gills, however, distinctly touch 
the hollow stem, and are generally studded with 
drops of moisture like tears, hence its name. This 
is, no doubt, a very doubtful if not dangerous 
plant. 

The writer has investigated at different times 
many cases of poisoning from the consumption of 
“ poisonous mushrooms,” and in nearly every case 
the poisoning has arisen from fungi totally different 
in every respect from true mushrooms. One 
serious case was where a man had gathei’ed a lot 
of scarlet-coloured fungi from a wood, and with his 
wife and family had consumed them for supper. 
The taste of the species {^Rmf^ida fragilis, Fr.) is 
hot, like fire. Perhaps some of the pungency was 
dissipated in cooking, but a fiery -hot taste is often 
put down to “too much pepper.” Another person 
gathered a basket full of semi-putrid fungi from 
rotten stumps, and cooked and consumed them, 
with unpleasjiiit I'esults. A third went into a Lon- 
don park, and gathered innumerable minute speci- 
mens from dung. When cooked this repast also had 
a disagreeable ending, A good test for an edible 
mushroom is its pleasant odour and its agreeable 
tjiste when raw, for most of the dangerous species 
are highly disagreeable to the nose and pungent to 
the palate when first gathered. Some act in another 
way, and cause speedy constriction of the throat. 
Cooking often causes the more serious poisonous 
properties to pass away from dangerous fungi : it 
must, however, be confessed that some of the most 
dangerous and insidious species are almost scentless 
and tasteless both when raw and cooked. 

The symptoms of fungus jK)isoniug are various. 
Effects similar to narcotic poisoning from laudanum, 
&a, are common. Giddiness, delirium, i)ains in the 
limbs are frequent, whilst at other times intestine 
irritation, excessive vomiting, and purging ensue. A 
few years ago the writ.er was called upon to identify 
some fungi which had nemdy killed a Midland 
Railway engine-driver. The fungi were gathered 
at Hendon, and belonged to Agaric'kts stercorarius^ 
Fr., an ally of the edible mushroom, but very much 
smaller in size, and always found growing on dung. 
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The engine-driver ate a pint of these tilings ; in 
half an hour he had severe pains in the head, with 
giddiness and oppressed breathing. He soon began 
to stagger as if tipsy, and said he felt like passing 
through an arcade.” In three hours he became 
somewhat convulsed, with twitchings of the muscles 
of the face. At this period a strong mustard 
emetic was administered by a doctor without 
effect, and the doctor hastily left the patient to 
fetch some sulphate of zinc. The doctor had only 
left a few moments when the engine-driver became 
greatly excited, and rushed wildly out of the house 
into the street. Two doctors who followed found 
the poisoned man in a prostrate and lethargic 
state in a neighbour’s house. Twenty grains of 
sulphate of zinc were now given, and this dose 
produced vomiting, and pieces of the poisonous 
fungi were brought up. Soon after the emetic the 


patient was again seized with sudden bxoitemenl^ 
and he again nished wildly into the street 
Emetics were again administered, and the stomach 
was entirely cleared with the stomach-pump. In 
the course of a few hours, the patient recovered. 
He said he had experienced no pain in the stomach 
or bowels at any time, but when the convulsive 
paroxysms came on he felt an irresistible desire to 
run. 

A bilious feeling and great nausea are common 
and early symptoms of fungus poisoning. In 
the absence of medical advice (or even with it) 
doses of sweet oil are an excellent jialliative in 
mushroom poisoning. Repeated doses of oil are 
harmless : they almost invariably produce vomiting 
— which is, of course, what is primarily required — 
and have a tendency to lessen the imtatiou of the 
throat and intestines caused by noxious fungi. 


ROCK-MAKING RHIZOPOOS. 

By r. IIekhbkt Cahi*entek, D.8c., P.K.S., F.L S., 
Assistant Master a< Eton College, 


T he Rhizopods, or root-footed animals, which 
are also known as the “ray-streamers,” are 
some of the humblest meml)ers of the animal king- 
dom, forming an important subdivision of the great 
group of the Protozoa^ or “ lirst-life animals.” This 
group, which occupies the very base of the animal 
scale, beneath the great sub-kingdoms marked out 
by Cuvier, is characterised by the extreme sim- 
plicity that prevails in the structure of the beings 
that it includes ; for in the lowest of them there 
is scarcely any trace of what can properly be 
called organisation, while even in the highest, there 
is no such differentiation or appropriation of 
certain parts for particular functions as constitutes 
the “organs” of the very simplest zoophyte or 
worm. 

The body of a Protozoan animal consists of one 
particle (or of several united together) of that 
living gelatinous material which is vaiiously 
known as “sarcode,” or “protoplasm.” This 
substance, which we have already met with, 
possesses several fundamental vitil properties, 
foremost among which is that of “contractility,” 
viz., the power of changing its shape, owing to 
the influence of certain disturbing causea These 
may arise spontaneously in consequence of internal 
changes in the protoplasm, about which we know 


little or nothing ; or they may be due to changes 
in the surrounding ciicumstances of the proto- 
plasmic particle, such as contact with a foreign 
body. 

In its feeblest manifestations the contractility 
of animal protoplasm results in mere changes in 
the form of the body, as in GregarincK (p. 193) ; but 
from the sluggish shortenings and lengthenings of 
the different diameters of the body which these 
creatures exhibit, all gradations are traceable, 
through those animals which push out and retract 
broad lobular processes, to those in which the 
contractile prolongations take the form of long and 
slender filaments. These contractile prolongations 
sometimes perform rapid and rhythmical move- 
ments and vibrations in particular dii-ections, and 
they are then called “cilia,” or “flagella.” The 
result of these vibrations is the locomotion of the 
tiny protoplasmic body which bears these organa 
This is the case, for example, in the Infusoria^ 
or Infusorial Animalcules,* a class of the Protozoa 
with which we are not now concerned ; and we 
will, therefore, ]>ass on to consider the Rhizopoda 
All the membei*s of this class possess, in a greater 
or less degree, the power of putting forth indefinite 
extensions of the substance of the body which 
* “Science for AU,” Vol. H., pp. 90, 206 ; Vol. IV., p. 114. 
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perform slow and irregular movements. They are 
sometimes short, broad, and rounded (Fig. 1); 
sometimes longer, more slender, and gradually 
tai)ering to a point; sometimes immensely elon- 
gated and narrowed to threads of extreme tenuity 
(Figs. 4, 5). They are peq^etually varying in 
number, in form, and in dimensions, and can be 
withdrawn at any time, so as to melt away into 
the general protoplasm of the body, without leav- 
ing any trace of their previous existence. These 
diverging processes are known as 'iwvdopodia,^ for 
in some cases they serve to move the body from 
place to place in search of food, while they may 
also be used as prehensile organs for obtaining the 
food. As, therefore, they bear some resemblance 
both to the branching roots of a tree, and to the 
feet or locomotive appendages of the higher 
animals, the term Rhizopoda^ or “root-footed,” 
applied to the class of creatures of which their 
presence is so distinctive a characteristic, is by no 
means unexpressive. 

The soft mass of protoplasm forming the 
essential pai*t of the body of a Rhizopod has no 
internal cavity, like the body-cavity of the higher 
animals, or even like the digestive cavity of such 
a simple form as Ilydra^ for it has not even a 
])ermanent mouth, such as that which is present in 
the Infusorial Animalcules. Without any tra<^ 
of a nervous api)aratus, and almost entirely devoid 
of any internal organs at all, the Rhizopod — a 
mere jelly-sj>eck — moves about with the apparent 
purposiveness which is exhibited by more complex 
creatures. It selects and swallows its appropriate 
food, digests it, and rejects its insoluble residue. 
It grows and reproduces its kind, and evolves a 
wonderful variety of different forms, which are 
often of the utmost beauty. All this results from 
the vital activity of its protoplasm, which performs 
all the different operations that are effected in 
the higher animals by a more or less elaborate 
apparatus. It is “a little i^rticle of apparently 
homogeneous jelly, changing itself into a greater 
variety of forms than the fabled Proteus, laying 
hold of its food without membei’s, swallowing it 
without a mouth, digesting it without a stomach, 
appropriating its nutritious material without 
absorbent vessels, or a circulating system, moving 
fi*om place to place without muscles, feeling (if it 
has any power to do so) without nerves, propa- 
gating itself without genital apparatus; and not 
only this, but in many instances foiming shelly 
coverings of a symmetry and complexity not sur- 
• Greek pseudos, false, and pous, a foot. 


passed by thme of any testaceous animals.”! The 
minute size of these marvellous little creatures is 
amply compensated by their multitude and their 
world-wide distribution. As pointed out by Pro- 
fessor Leidy — “ Essentially aquatic, they occur 
whei'ever there is moisture. Commencing from 
one’s own doorstep, j; they may be found in almost 
every damp nook and crevice, savana and marsh, 
pool and ditch, pond and lake, sea and ocean, and 
from the greatest depths of the latter to the snow- 
line of mountains. By far the greater proportion ai*e 
marine, and their tiny shells enter abundantly into 
the composition of the ocean mud, and abound in 
the sands of every ocean-shore. They appear to 
have been the first representatives of animal life 
on earth, and if thei*e is any truth in the theoiy of 
evolution, they represent our own remotest ances- 
tors. Having existed for ages, their remains have 
largely contributed to the formation of the marine 
sedimentary rocks.” 

No example of the Rhizopod type is more com- 
mon in streams, ponds, and ditches, than the well- 
known Amoeba^ or Proteus-animalcule (Fig. 1), 



Fipr. 1,— The Protens-animalcnle (Amcrha), showing its Nucleus (n) 
and Contractile Vesicle (cw). One end of the body is distended by 
a large diatom. 

which was first described in the year 1755, in a 
German book entitled, “ Recreations among In- 
sects.” Although already noticed, § it deserves, in 
connection with our subject, a fuller description. 
It may reach in size, and has an irregular body 
of ever-changing shape. The outer layer of its 
jirotoplasm is somewhat diffei’ent from the moie 
internal portion. It is rather firmer and more 

f W. B. Carpenter : Introduction to the Study of the 
Foramim/erOf Preface, p. vii, 

i Professor Leidy discovered a new species of ffroinia 
(“Science for All,” Vol. V., p. 191), together with several 
other microscopic animals, among moss growing in the orevioea 
of the pavement in the yard attached to his house. 

§ “ Science for AM,” Vol. L, p. 176; Vol IV., p. 112. 
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transparent, and though actually continuous with 
the interior, more fluid protoplasm, seems like an 
investing membrane which prevents its escape. 
For the sake of convenience of reference, these two 
portions of protoplasm, differently related in 
position, are known as the endosarc and the ectoaarc 
— i.c., the inner and the outer flesh. The former 
contains coloured granules of all sizes, from those 
which are immeasurably fine and indistinct up to 
the largest granules, which ai*e moi'e or less darkly 
defined, and resemble oil molecules. These move 
freely u|K)n one another with every change in the 
shape of the body. The formation of a pseudopod 
commences as a projection of the clear ectosarc, into 
which, if the pseudopod is to be a large one, the 
endosarc flows, often with a sudden rush. An 
active current of granules may be seen to pass from 
what was previously the centre of the body into the 
protruded portion, where the latter is undergoing 
rapid elongation ; whilst a like current may set 
towards the centre of the l)ody from some other 
protrusion which is being withdrawn into it. It is 
in this manner that an Amobba moves from place to 
place, a protrusion like the finger of a glove being 
first formed, into which the substance of the body 
itself is giu-dually transferred, and another protru- 
sion being put forth, either in the same or in some 
different direction, so soon as this transference has 
been accomplished, or even before it is complete. 
The changes of form i)rcKluced by the extension 
and branclii ng of certain of the pseudopods, with the 
recession, melting away, and total disappearance of 
others, are endless. Sometimes the animal creeps 
onward, in a flowing manner, with a compara- 
tively simple cylindroid form, occasionally emitting 
a single pseudopod on one side or the other. More 
rcommonly, it assumes a dendroid or palmate form, 
or scTiietimes diverging from the directly onward 
course, it becomes more radiate in appearance. Not 
unfrequently, it assumes more or less grot(^S(jue 
shapes, in which almost every conceivable likeness 
may be imagined. It is in thecourseof this movement 
from place to place that the Amobha encounters par- 
ticles which are fitted to afford it nourishment ; and 
it appears to receive such particles into its interior 
through any part of the ectosarc, whether of the 
body itself or of any of its lobose expansions, in- 
soluble particles which resist the digestive process 
being got rid of in the like primitive fashion. These 
particles pass through the ectosarc much in the 
same way as a knife-blade passes through a soap- 
bubWe, the rent formed by their passage being 
immediately repaired by the closing up of the 


ectosarc behind them. The food particles usually 
appear in the endosarc as spherical balls, each with 
a clear halo around it This indicates the presence 
of tiny water-drops, which had been swallowed at 
the same time as the solid particles, and had sur- 
rounded them. Sometimes the food-balls exhibit 
no vestige of such a halo, in whi ih case we may 
assume that the watt^r which had been swallowed 
with the food, and had suri*ounded the ball, has 
been gradually imbibed by the enclosing endosarc. 
Sometimes, also, the endosarc contains the indi- 
gestible remains of desmids and diatoms (Fig. 1), or 
even bodies of an entirely foi*eign nature. 

Thus, Prof. Leidy records that in some fine, large, 
vigorous A moAxt which were collected from a jK)nd 
in the neighbourhood of a saw-mill, the endosarc 
contained multitudes of particles of sawdust ; and 
other observers have succeeded in inducing A timhih 
to take in pai-tieles of indigo or carmine, which 
have been visible within the endosarc as tiny blue 
or red specks. 

The endosarc of a true Amoeba contains two 
structures or organs, which are known, respectively, 
as the “ nucleus ” and “ the contractile vesicle.” Tlie 
former (Fig. 1, n) is usually a rounded or oval hotly, 
somewhat denser than the protoplasm in which it 
is imbedded, and slightly different from it in its 
optical and chemical characters. Its real nature is 
not yet thoroughly understood. The name of con- 
tractile vesicles is given to spaces in the protoplasm 
(Fig. 1, c r), which slowly become filled with a clear 
watery fluid, and when they have rea,ched a certain 
size are suddenly obliterated by the coming togc^ther 
on all sides of the protoplasm in which they lie. 
After the collapse the space disappears for the 
moment, usually re-appearing again in the same 
position, and the successive movements of expan- 
sion and collapse follow one another with a certain 
degree of regularity. There is much reason to 
think that the vesicle communicates with the ex- 
terior, and that its movements are due to a gradual 
concentration of water from all parts of the proto- 
plasm of the body, so as to form a drop which, 
when it reaches a certain size, excites contraction, 
and is expelled. It is probable that this apparatus 
has something to do with the work of breu.thing, 
and the removal of waste products from the body. 

There are many other fresh-water Rhizopods 
which are naked like the Amoeba^ and have no real 
distinction in the relative positions of their parts, 
putting forth pseudopods indifferently from any 
part of the body. But many kinds are provided 
with an external shell or test,” which usually has 
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Aomewhat the shape of a flask or vase. Except in 
a few cases, the shell has but one opening — the 
mouth — from which the pseudopods are extended. 
It is either horny or flinty in character, or it is 
constructed of minute particles of sand closely 
cemented together. But so far as is known no 
fresh-water Rhizopod has a limestone shell. The 
marine forms, however, build shells which usually 
consist of limestone, sometimes more or less en- 


were distinguished from the Nautilus and its 
allies, in which the chambers are connected by a 
tube or siphon {Siphonifera)^ by the designation 
Foraviinifera.* This name, while originally signi- 
fying that the communications between the cham- 
bers are usually eftected by several small holes or 
foramina, is now more commonly luidcrstood as 
applying to the sieve-like structure often presented 
by the external shell 
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Piff. 2 ,— Shell of Orbitolites, Portionb of which hive been Removet) bo as to Expose the Tnmvidual Chambers, the Passages 

BY WHICH THEY COMMUNICATE WIFH EACH OTHER, AND THE EXTERNAL OPENINGS OF THOSE IN 'IHE OUTER UlNO. 


crusted with sand grains that are imbedded in the 
proper shell-substance, and in one s(iction of the 
group the body is enclosed by a test which consists 
entirely of minute sand-grains held together by an 
organic glue. 

With a few exceptions, these shells are divided 
into many chambers, and the most common forms, 
which are spiral, so nearly resemble the shells of 
the Nautilus and the Ammonite that they were 
formerly ranked together with these creatures, 
among the shell-fish in the class Cephalopoda. 
The enormous differences in tlie nature of the 
animals which inhabited the shells were for a long 
time quite unknown, and the microscopic forms 


The Foraminifera constitute by far the most 
important order of the Rhizopods. This is partly 
owing to the vast quantities of them which have 
existed throughout all geological periods, from the 
earliest known appearance of life upon the eai-th 
until the present time, and partly because of the 
enormous extent in which their remains have 
contributed to the formation of rocks. They are 
widely distributed through all seas, creeping about 
on the surface of sea- weeds, or of the sand, ooze, or 
rock at the bottom, or on dead sliells and corals, or 

* “Science for All,” Vol. I., pp. 10, 14, 00; Vol. II.» 
p. 277; Vol. III., pp. 79, 200; Vol. IV., p. 122; Vol. V., 
p. 65, &c. 
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on the lifeless, fixed, hard parts of other living 
animals, such as the shells of mollusks, corals, 
sertularians,* and sponges. Large numbers are 
pelagic, or live on the high seas, swimming in the 
superficial water, while their dead shells rain down 
incessantly upon the bottom, and contribute largely 
to the formation of the deep-sea ooze.t 

Although the Foramiiiifera are generally so 
minute as not to be reailily distinguished by the 
naked eye, they are eariily detected by a simple 
magnifying glass. They are usually largest in 
tropical seas, the same species being better de- 
veloped in warmer than in colder latitudes. Few 
of the existing ones are more than an inch in 
length, while the fossil discs of Nummulites may 
attain the gigantic size of 4 J inches across, and the 
sandy test of Parkeria^ from the Cambridge Green- 
sand, may be about the size of a lawn tenuis ball. 

Dead Foraininiferal shells ai*e usually very 
important constituents of shore-sands, particularly 
in warm climates. A grain of sand from the coast 
of Sicily has been estimated to contain 6,500 
individuals, and an ounce of sand from the coast 
of New Jersey was calculated by Professor Leidy 
to contain 38,400 shells, all of the same kind. 

The test of a fresh- water Rhizopod contains but 
a single Amaiba-\\\ifi individual, and the same is the 
case in some of the marine forms with limestone 
shells, which are spherical or flask-shaped, with a 
single opening from which the pseudopods are pro- 
truded ; but by far the greater number of Foramini- 
feral shells are composite fabrics, wliich arc 
produced by a process of continuous budding, 
each bud remaining in connection with the body 
by which it was put forth. The appearance of the 
structure thus formed dei)ends upon the plan 
according to which the budding takes place. A 
large Foraminifer is a colony of Am(xba-\\\ie 
animals gradually developed by continued budding 
from a single individual, just in the same way as 
a sea-fir is a colony of HydraAi^iei animals produced 
by a process of continuous budding from a primi- 
tively single being that has itself developed from a 
fi’ee-swimming ciliated egg.^ 

Each bud of a Foraminifer surrounds itself with 
a shelly covering, the substance of which is con- 
tinuous with tliat of the previously formed buds, 
and this results in the production of a many- 
chambered shell, the chambers communicating with 

* “Science for AU,*’ Vol. I., p. 378 ; Vol. U., pp. 207, 812. 

t “ Science for All,” Vol. III., pp. 79, 80. 

t “Science for All,” Vol. I., p. 378 ; Vol. II., pp. 207, 812 
-314 ; VoL III., pp. 5, 187 ; Vol. IV., p. lo6. 


one another by the openings which originally 
constituted their mouths. The successive chambers 
may be irregularly heaped together, or added one 
after another in a straight line, or in spirals of 
various shapes. § In one form of spiral the suc- 
cessive whorls all lie in one plane, so that the 
shell is equilateral, or similar on its two sides. 
This arrangement passes gradually into what is 
known as the cyclical mode of growth, in which the 
parent individual develops buds all round, and not 
on one side only, so that a ring of small chambers 
is formed around the original one, and this, in its 
turn, surrounds itself in the same manner with 
another ring. By successive repetitions of this 
process, the shell comes to have the form of a disc 
made up of a great number of concentric rings 
(Fig. 2). Each ring is composed of a number of 
tiny chambers placed side by side, and communi- 
cating with one another by lateral passages, so 
that each circular zone of chambers might be 
described as a continuous annular passage dilated 
into cavities at intervals. 

Every chamber contains a little segment of 
pi*otopiasm, which is united to its neighbours by 
tiny threads or “ stolons ” of the same substance, 
that occupy the lateral passages between the cham- 
bera. The microscopic chamcters of the proto- 
plasmic segments within the larger Foraminiferal 
shells have not yet been investigated, but there is 
no reason to think that 
they differ in any respect , 

from those of the smaller 


members of the group. 

Fig. 3 is a representation ^ ^ 

of the body of a young V;:, 

Milioluy consisting of four - 

segments only, which are . 

arranged in the fonn of 

an elongated spiral. They 

consist of coarsely granular ? 

protoplasm, each contain- v ’ 

ing one or more nuclei of 

essentially the same nature 

as that in A mceba. The Fi?. 3.— Protoplasmic body of 

, a younff Mtliola, consisting of 

protoplasm is usually yel- four nucleated segments. 

lowish-brown or red, the 

colouring being deepest in the earlier-formed 
chambers of the shell, and becoming less towards 
the last one, in which it is very feeble, or absent 
altogether. 

In some Foraminifera which form spiral shells 
such as Miliola (Fig. 4), pseudopodia are only pro- 
§ “Science for All,” VoL IV., p. 122, Kgi. 4—7. 
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traded from the last-formed segment of the proto- 
plasmic body, issuing from the mouth of the chamber 
which surrounds it, so that all the food materials of 



Fig. 4.— A living Milicla^ one of the imperforate Foraminifera, with 
the Pseudopoda extended from the mouth of the shell. 


the iKxly must be first received into its youngest 
and outermost segment, and thence transmitted 
from one segment to, another until they reach the 




Fig. 6.--A living RotaXia, one of the iterate Foraminifera, with the 
Pseudopods extended through tubuli in the walls of the ohambers. 

oldest or fii'st-fonned one. Where the segments are 
ai’mnged in successive rings, as in Orhitolitea (Fig. 2), 
it is only those of the outeimost and last-formed 


ring from which pseudopodia are protruded. But 
in other Foraminifera, such as Globigerina^ Nnm- 
muliv/iy and Rotalia (Fig. 6), the shell wall is every- 
where pierced by very tine canals or tubuli, which 
j)ass directly from its inner to its outer surface 
(Figs. 6, 7). These give passage to the fine 
pseudopodia, which are extended from every seg- 
ment of the protoplasmic body, and not from the 
last ones only. They pass at once into the sur- 
rounding medium, dividing and subdividing into 



Fig. 6.— Vertical Section of the Shell of NummuliteB, ebowing how 
its later whorls (b, d) overlap the earlier ones. 


finer and finer threads, which coalesce completely 
when they come into contact, so as to produce an 
iri*egular protoplasmic network, that has been com- 
pared to an animated spideris web. They exhibit 
continual changes in their arrangement, and an in- 
cessant circulation in their coui*8e.* In the larger 
threads two streams may be seen at the same time 
moving in opposite directions, though in the 
finest threads there is but a single stream moving 
outwards or inwards. Tlie currents carry along 
granules and oil-drops in the protoplasm, to- 
gether with food particles, which may have been 
caught by the pseudopodia. The naturalists of 
the ChaUen>ger were fortunately enabled to 
watch this streaming movement of the pi’oto- 
plasm ill the living GlohUferina. When it was 
at rest, and uninjured, the ])rotoplasm was seen 
to issue forth from the pores of the shell, and 
form a thin but continuous envelojie around it. 
Extensions from this enveloiie clothed the spines, 
and were in a continual state of movement, the 
stream flowing up one side of each spine and 
down the other. 

The perforations of the shell- wall for the exit 
of the pseudopodia are sometimes sufficiently 
coarse for their openings to be distinguished as 
punctures of the surface of the shell (Fig. 6). 
But in other cases the tubules are much more 
minute, parallel, and very closely set, so as to 
be only visible when thin sections of the shell-wall 

♦ “Science for All,” Vol. I., pp. 176, 295, 378 j VoL in., 
p. 80; Vol.IV., p. no. 
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are examined in the microscope. This is well seen 
in vertical sections of the thick shells of the largest 
members of tlie group, such as the Nummulites 



Fig. 7. —Portion of a V<"rtical Section of the Shell of NummulUea 
(highly maguiiied) to show the minute structure of the shell, 
o, a, PortioiiB of the ordiunry shell-suhBtauce traversed by mmllel tubuli; 
b fe, |M»rtion8 ft)nuing the iniirgmal tM)rd each vhorf, traversed by 
diverging and larger itibuli :e.oue uf thechanii>ers laid oi)cn;dd, pillars 
of solid bliell substance, not perforated by tubuli. 

(Figs. 6 and 7). The presence or absence of these 
tubuli, whatever their size, indicates a very impor- 
tant jihysiological difference between tlie animal 
inhabitants of the two kinds of shell, viz., the 
mode of nutrition, as was pointed out above. 

Whetlier the shell be perforate or imperforate, 

1 ) 0 waver, it may attain a very considerable 
(h‘gree of complexity, according to the number 
and arrangement of its chambers. In many 
Orbitolites, for example (Fig. 2), the disc con- 
tains three tiers of chambers instead of one, as 
in the simplest type. The chambers of the 
middle tier are the largest, and there are sinallcT 
ones above and below them. Tlie out<jr ring of 
chambers in t^ach tier commiinicfites with tlie 
cxt(Tior by marginal pores, and all the chamb(*rs 
are connected together hy a very complicated 
series of passages, though their general armnge- 
mont is essentially the same as in the simpler type, 
in which ail the members of the colony are in the 
same plane. 

Among the perforate Foraminifera we meet with 
more complicate ^d organisations than among tlie 
imperforate forms. Wlictlier the mode of growth 
be cyclical or spiral, the new chambers may extmid 
tliems(‘lves more or l(‘ss completely over those 
aliHMidy formed, and instead of the two series fitting 
clos(‘1y to one another as they do in Miliola 
(Figs. 3, 4), interspaces are left between the suc- 
cessive rings or wliorls. Tll<^se become filled np 
by an internnaliate skeleton of limestone, which is 
pierced by canals containing (extensions of the jiroto- 
phxsmic bodies within thi^ chambers. This is W(dl 
shown in Fig. 8, which represents an internal cast 
of the shell of an Australian Foraminifer, the 
body of which has Ix'.en entirely rejdaced by mineral 
matter. ITie individual segments, which have 
smooth anterior edges (6, 6'), but are produced back- 


wards into a series of processes (a, a% are seen to 
be connected with one another by stolons (c, c'). 
The upper and the lower ends, respectively, of all 
the segments, are connected by spiral canals {d, 
and d'^). These are themselves united by a set of 
meridional canals (e, e% which pass down in the 
partitions between the chambers and give off pairs 
of diverging branches {/, f^) that o])en into 

furrows on the external walls of the chambers. All 
these canals were occupied by protoplasmic tlireads, 
the casts of which are shown in Fig. 8. As the 
shell grew, and each whorl of s(^gm(mts became 
enclosed by another and larger one, the diverging 
stolons occupying the branches of its meiidional 
canals united with the stolons connecting the suc- 
cessive segments of the outer whorl as is shown 
at c\ By means of this canal system, tlienffore, 
a very complete system of intercoininuiiication is 



Fig. 8.— Internal Cost of Shell of rolystomello. 

maintained between the external surface and the 
iniK^ruiost jiortions of the shell. 

All the most (;laborately-constriicted, and the 
greater part of the larg(^st of the perforates Foranii- 
nifera, Ix^long to a group of which the w(‘ll-known 
Nuininulite* may las taken as tli(3 rijjireseniative. 

Among all the diHerc'iit kinds of Foraminifera 
there is none which has (‘,ither so long or so gcnierally 
attracted the attention of naturalists as that which, 
owing to its coin-like apj)earaiice, is now familiarly 
known under the designation NmiininlUas. This 
is due, partly to the comparatively gigantic size 
(4J inches) which it may attain, ajid jiartly to the 
manner in which it is brought to our iioticet 
Enormous aggregations of Nummulik'.s, together 
with some intermixture of other types of animal 
life, constitute a sti‘atuiii of limestone, which not 
unfre(]uently attains a thickness of 1,500 feet, and 
is found over a very large area of the surface of 
♦ “Science for All/’ Vol. IV., p. i23, Fig. 9. 
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our globe. It enters into the composition of many 
mountain chains, such as the Alps, Pyrenees, A}> 
penines, Carpathians, and Caucasus, reaching, in 
the first-named, to a height of 10,000 feet. It 
covers large areas in Northern Africa, extending 
from Morocco into Algeria, Libya, and Egypt, and 
through Asia Minor, across Persia, by Bagdad, to 
the mouths of the Indus. It enters into the 
mountain ranges which separate Scinde from Persia, 
and is found at a height of 16,500 feet in the 
mountains of Western Tibet. It occurs in Af- 
ghanistan in the passes leading to Cabul, and ex- 
tends along the southern slopes of the Himalayas, 
across India to Eastern Bengal and the frontiers 
of China. Every one of the Nummulites composing 
it lived and died on the ocean-bed ages before any 
of the mountain ranges above-mentioned were 
carved out of the newly-elevated continents by the 
process of earth-sculpture. 

The limestone beds belong to the early i>art of the 
Tertiary period of geological time, and correspond 
in position with the Calcaire grossier ” of the 
Paris basin, and with the Bracklesham ” and 
“ Bagshot ” beds of the London and Hampshire 
basins, in which deposits alone are Nummulites 
found in the British Islands. They also occur in 
Japan, Java, and the Philippine Islands, and in the 
lower Tertiary beds of South Carolina in the United 
States. Living Nummulites are not very common, 
and are all of small size as compared with their 
predecessors of the Eocene Seas. Those of our own 
coasts do not exceed one-twelfth of an inch in 
diameter ; and specimens from the tropics are rarely 
more than a quarter of an inch wide ; while the 
fossil ones are usually three or four times as large 
as this. 

It is of the Nummulitic limestone that the pyra- 
mids are partly built ; and it is in relation to those 
structures that we find the first recorded mention 
of Nummulites. They were supposed to be the 
j^etrified remains of the lentils employed by the 
workmen as food ; but Strabo remarked that this 
was not probable, as a hill in Pontus consisted of 
stone which was filled with similar huitil-like bodies. 
In Transylvania they were long supposed to be 
pieces of money turned into stone by king Ladis- 
laus, in order to prevent his soldiers from stopping 
to collect them just when they were putting the 
Tartars to flight. 

Even among the naturalists of the eighteenth 
century a great variety of notions j)revailed as to 
the essential character of these fossils. Some r(;- 
garded them as a new kind of “Cornu Animonis 
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others took them for the madreporic plates of sea- 
urchins ; others maintained that they were bivalve 
shell-fish ; while even Cuvier and Lamarck con- 
sidered them as closely allied to the nautilus. Their 
general structui-e will be readily understood from a 
comparison of the vertical section shown in Fig. 6, 
with the horizontal sections shown in Fig. 9, on 
p. 123, Vol. IV., of this work. 

The shell is really a spiral one, but the later 
whorls overlap the earlier ones, and invest them so 
completely that the spire is scarcely visible on the 
external suiiace. The perforation of the chamber- 
walls, however, by fine parallel tubuli (Fig. 7) 
which lodge pseudopodial extensions of the proto- 
plasmic segments, indicates that even the oldest 
and innermost chambers retain their original com- 
munication with the exterior. 

Among the commonest of all Foraminifera, and 
abounding near the shores of almost every sea, ai^ 
some forms of the Milioline tyi)e (Fig. 4), which 
was so named in consequence of the resemblance of 
some of the minute fossil shells to millet seeds. 
These Miliola-shells form the chief part of certain 
beds in the “ Calcaire gi'ossier,” already mentioned as 
a coarse limestone of Tertiary age in the neighbour- 
hood of Paris. This rock is known, in consequence, 
as the “ Miliolite limestone;” and as it is largely em- 
ployed for building purposes it was i>ointod out by 
DUrbigny some years ago that it would be no ex. 
aggeration to say that Paris, as well as the towns 
and villages of some of the surrounding depart- 
ments, are almost built of Foraminifera. 

It has already been explained that large ai’eas 
of the bottom of the Atlantic, and of the Southern 
and middle Pacific Oceans are being covered by 
foraminiferal shells, which have been rained down 
upon them from the surface of the sea. A forami- 
niferal limestone is now being formed in these 
localities, just as the white chalk, which we all 
know so well, was once formed at the bottom of a 
sea that spread not only over the greater part of 
Britain, but also over a very large pai*t of the 
Europe of the present day, long before the Alps and 
the Pyrenees rose into mountain chains, and only a 
few islands formed of Palaeozoic rocks stood above 
the waves. Pure chalk, of nearly uniform aspect 
and composition, is met with in a north-west 
and south-east direction, from the north of Ireland 
to the Crimea, a distance of 1,140 geographical 
miles ; and in the direction across this it extends 
from the south of Sweden into south-western France, 
a distance of about 840 geograjdiical miles. 

It is well-known to the reader of these pages 
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Fig. P.— Orbitolina 
Texana. 


that chalk is nothing but a soft limestone, which 
is chiefly composed of foraminiferal shells. This 
was discovered by Professor Elirenberg of Berlin, 
and during the course of his researches it occurred 
to him to examine the liner particles of calcareous 
matter which have been artificially sejiarated from 
chalk, and are employed for various purposes. The 
glazing of the papers used on our walls, and that of 
visiting-cards, is partly composed of this material ; 
and on scraping a little of it, and subjecting it to 
mici’oscopic examination, Elirenberg was delighted 
to find its organic structure almofc,t everywhere 
apiiarent. 

The cretaceous period in America, as in Europe, 
is marked by a limestone formation. The great 
interior continental basin, which 
had been a limestone-making re- 
; , " gion (for the most part) from the 

' % ^ ^ ^ earliest period of the Silurian, 

^ / was still, in its southern part — 

^ V ; is in Texas — continuing the 

same work ; for limestones eight 
hundred feet thick were there 
formed, chiefly from the remains 
of echinoderms, corals, and a foraminifer known as 
Orbitolina Texana (Fig. 9), which is so abundant 
in some beds that theiy may almost be called 
foraminiferal limestones. During the Carboniferous 
period when limestones were being 
formed, both in America and in 
Europe, Foraminifera took a large 
share of the work. One form, known 
as Fumlina (Fig. 10), which is par- 
ticularly abundant in some beds, has a 
shell that is almost the size and shape 
of a gi’ain of wheat. It is especially interesting, as 
being exclusively a Carboniferous type, though very 
widely distributed. It is common in the limestone 
beds of Russia, the Southern Alps, Armenia, and 
Spain, and has an extensive distribution through 
the Carboniferous series of Norih America, being 
found as far north as Melville Island — so well- 
known to the readers of Arctic travels. 

The foraminiferal origin of our mountain lime- 
stone is excellently illustrated in a case described 
by Professor Williamson. A slab of the rock from 
Bolland, when sawn through, was found to contain 
a large Nautilus-shell more than twelve inches in 
diameter. The matrix in which it was imbedded 
had once been foraminiferal ooze, but the indi- 
vidual shells were so worn as to be hardly dis- 
tinguishable. Professor Williamson attributes this 
* “Science for All,” Vol. I., p. 14 ; III., p S.1; V., p. 65. 
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wearing down of the shells to the solvent action of 
water containing carbonic acid, a conclusion which 
is well supported by the state of the contents of 
the chaml^ers of the Nautilus-shell. The foramini- 
feral ooze has entered fi*eely through the large 
open mouth of the terminal chamW in which the 
animal lived, and has filled the entire cavity of that 
chamber. The shells composing it are not, how- 
ever, worn and indistinct like those of the surround- 
ing matrix, but almost every one is preserved in 
the most exquisite perfection. The reason of this 
is, that the thick calcareous shell of the Nautilus has 
protected the enclosed foraminiferal shells from the 
action of the solvent acid. The dosed inner 
chambers of the Nautilus-shell are all tilled with 
clear crystalline calcareous spar, which has been 
produced in the following manner. The acidulated 
water acting upon the calcareous Foraminifera of 
the ooze has become converted into a more or less 
saturated solution of carbonate of lime. This has 
j)ercolated through the shell of the Nautilus into 
its hollow internal chamb(jrs. Finding suitable 
cavities th^^re, it has gradually filled them up with 
a crystalline formation of calcareous spar, that of 
course exhibits no traces of the minute organisms 
from which the calcareous matter was i)rimarily 
derived. 

Here, therefoi*e, we have the entire history of 
the origin and formation of a limestone rock, illus- 
trated within the area of a slab of limestone little 
more than a foot in diameter. It commences with 
the first accumulation of the foraminiferal ooze, as 
seen in the interior of the first large chamber of 
the Nautilus, and ends with the deposition in an 
inorganic minei’al form of the crystallised carbonate 
of lime within the closed chamber of the same 
shell. 

Not only are many of our limestone rocks 
composed in greater or less part of foraminiferal 
shells, but many so-called ‘‘sands ” have the same 
origin. The Green-sand bed on which the chalk 
rests, and other Green-sands belonging to still older 
geological periods, even as far back as the Silurian, 
are comix)sed of minute particles of a greenish 
mineral that contains large quantities of silica, and 
goes by the general name of “glauconite.” Many 
years ago it was pointed out by Professor Ehrenberg 
that these particles have definite shapes, which 
show them to be internal casts of foraminiferal 
shells, giving us the forms of the segments or 
divisions of the jelly-like animal body that occupied 
the chambers in its living state. Hence, while it 
is the life of Foraminifera, producing their lime- 
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9 tone shells, which makes the chalk, it seems to lie 
their death which gives rise to the casts. 

Even at the present time similar internal casts 
of foiaminiferal shells are being formed on the 
sea bottom in various parts of the world, the 
^gean Sea, the Agulhas Bank, the coast of 
Australia, and the Florida Straits. Some of the 
casts are much more perfect than any contained in 
the Green-sand. Not only the chambers, but the 
“ canal system proceeding from them, and even the 
minute tubuli in their walls are so completely filled 
with the green siliceous mineral, that by dissolving 
away the shell with dilute acid a most perfect 
model of the animal is obtained (Fig. 8). 

This fact is of great importance in reference to 
the structure known as Eozoon^^ which occurs in 
the Laurentian formation of Canada. Near the 
bottom of the series there is found a serpentine 
limestone, so called because it consists of alternate 
layers of carbonate of lime, and the mineral called 
serpentine, which is a silicate of magnesia. There 
is veiy strong reason to believe that many of the 
calcareous layers are really composed of a shelly 
substance, arranged in such a manner as to form 
storeys of chambers communicating with each 
other; that these chamber wore occupied by 
an animal body extending into a canal system 
exactly comparable to that of recent Foraminifi^ra ; 
and that the serpentine has taken the place of this 
animal body, precisely as the glauconite has done 
in the case of the Green-sands mentioned above. 

It is probable, therefore, that in the old Lauren- 
tian period Eozoon did the same work as was done 
by Fusulina in the Carboniferous seas, by Nummu- 
Una in the Eocene seas, and l)y GlobigeriTia from the 
middle of the Cretaceous pei'iod until the present 
time. All these kinds of Fommiiiifei’a and many 
others, have produced great limestone-formations 


over extensive areas of the ocean-bed, by separating 
the carbonate of lime from its solution in sea- 
water, and making it take the solid form. In most 
Foraminifera the shell is limited in size, as the pro- 
cess of budding does not continue indefinitely. 
When a certain number of buds have been pi*o- 
duced from the parent — about sixteen in Glohigerina 
and considerably more in Nummulina — the next 
bud detaches itself, and begins to form a separate 
shell. But the gi’owth of Eozoon was continuous 
and indefinite, like that of a vast tree. Each new 
bud, though callable of living independently, re- 
mained in connection with the organism that 
developed it, so as to produce a vast limestone 
formation, spreading like a coral reef over an 
immense area, though formed by animals of a 
much simpler kind than the coral polypes. 

Lowly as is the rank of the Foraminifera in the 
scale of creation, tlie work wliich th<y have done 
since the first appearance of life upon this earth, 
which they are still doing, and will continue to do 
in future ages, is of an importance and extent 
that it is utterly impossible for us to realise. 
As has been well said by the illustrious Lamarck, 
“We scarcely condescend to examine microscopic 
shells from thei)* insignificant size; but we cease 
to think them insignificant when wo reflect that 
it is by the smallest objects that Nature everywhere 
produces her most remarkable and astonishing 
phenomena. Whatever she may seem to lose in 
point of volume in the production of living bodies, 
is amply made up by the number of the individuals, 
which multiply with admirable promptitude to 
infinity. The remains of such minute animals 
have added njuch more to the mass of materials, 
which compose the exterior crust of tin? globe 
than the bones of elephants, hij)popotami, and 
wha'es.” 


THE DISTANT PLANEl^S— URANUS AND NEPTUNE. 

By AV. F. Denning, F.R.A.S. 


rpHE plan(;t Saturn, situated at a mean distance 
-L of about 870,000,000 miles from the sun, was 
understood, during many ages, to be the outermost 
planet, which revolved on the very confines of the 
solar system, and included within its far-reaching 
orbit all the constituent members of that system. 
No other planet which, by its slow apjiarent 
* “Science for AU,» Vol. III., p. 206, Figs. 10-12. 


movement and faint appearance, indicated a 
position exterior to tliat of Saturn had ever been 
discovered; indeed, only five planets were known, 
excluding the earth, and these were severally ren- 
dered conspicuous by their lustre, and by tlie fact 
of proper motion amongst the fixed stars. It had 
been suggested that other bodies might exist, but 
wcire probably invisible in consequence of their 
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vast distance from the earth, for no success had 
ever attended the efforts of those who had searched 
for such objects. With the invention of the tele- 
scope, at tlie beginning of the seventeenth century, 
and its subsequent employment in astronomical 
discoveries, some addition to the number of known 
planets might have been anticipated, but apart 
from the four satellites of Jupiter, and, later on, 
several of those attending Saturn, which were 
i*evealed by this new and valuable means of 
research, no fresh orbs were found, so that the 
position of Saturn as the fartheiiuost planet 
remained quite undisturbed. 

But towai^s the end of the eighteenth century, 
an observer, displaying the qualifications of an 
astronomer in an eminent degi*ee, was destined to 
make a signiHciint advance to the then state of 
knowledge, and to alter contemporary conceptions 
as to the mnge of the isolar system. It was in 
1781 that William Herschel, at Bath, while 
systematically reviewing the heavens with a reflect* 
ing telescopic of his own construction, detected a 
strange body, which ultimately proved to l)e a 
major planet, I’evolving far outside the path of 
Saturn, at approximately double the distance. 
This discovery was soon supplemented by others 
of imiK)rtance; astronomical instruments were 
much improved and enlarged, and the assiduity of 
observei’s increased. Thus, the century which has 
elapsed since the discovery of Uranus has been 
productive of great results in every department of 
the scienca The ej)och was specially marked by 
tlie detection (in 1840) of another superior planet, 
called Neptune, which displaced Uranus as the 
moat distant planet, and whose discoveiy is rightly 
descrilKxl as a very brilliant achievement of the 
human intellect. The existence of the new orb 
was, in fact, demonstrated l)efore it had ever l)een 
seen, and its place in the firmament assigned, so 
that a telescopic had simply to be turned towards 
the spot in oixler that the calculations might be 
verified. This was actually done on September 
23, 1816. Two distinguished mathematicians, 
Le Verrier and Adams, divide the honour of this 
unique discovery. They had inde]>endently con- 
cluded that certain perturbations affecting Uranus, 
other than those duo to the action of Jupiter and 
Saturn, must l>e I'eferred to an unknown body 
situated outside Uranus ; and the complex problem 
involved in the computation of the position of the 
, new orb was attempticd, and finally accomplished, 
vith such unerring accuracy as to result in its 
actual discovery by Galle of Berlin, 


We propose giving in the present paper some 
particulars both of Uranus and Neptune, foi* though 
such distant planets possess little of interest to 
ordinary observers, they, neveii^heless, deserve 
prominent notice from those who would review the 
leading members of the solar system. That these 
orbs are apparently of the faintest character, and 
present no attractive features for observation, is 
due to the fact of their vast distance, which places 
such phenomena wholly beyond our reach. Pos- 
sibly they may exhibit a remarkable variety of 
surface configuration, (iven comparable with that 
so reatlily distinguishable on J upiter or Mara ; but 
it is obvious that such details will never be defined 
accurately until telescopic power is greatly in- 
creased. 

Uranus is well within reach of the naked eye, 
and its position can readily be found from an 
ephemeris.* If any doubt exists as to its identity, 
let the observer delineate the relative positions of 
the faint stars in the immediate vicinity, and make 
conqjarative observations a few nights afterwards, 
when the planet will be detected by its motion. A 
powerful glass will always reveal the planet’s disc, 
and thus obviate the necessity of duplicate obser- 
vations. The writer has frequently seen Uranus 
with the unaided eye, and traced its varying place 
with refenmce to adjoining stars. Indeed, it is 
rather curious that this planet (escaped detection 
so long when we consider that its discovery was 
possible without instrumental means, by simply 
noting the exact positions of the fainter stars, and 
comparing them afterwards for such variation as a 
planetary liody must necessarily soon exhibit. Had 
this method bt?en adopted, there is no doubt that 
Hei-schel would have been anticipated in that 
great discovery which not only made liim famous, 
but acted as an incentive on other observers to 
employ themselves with more assiduity in the 
exploration of the heavens. 

When, on the night of March 13, 1781, the 
discovery was made, its true iinpori was not 
imagined. It was announced as a singular comet, 
with a disc, lying between the stars of Taurus and 
GeminL Moreover, its detection arose from acci- 
dental circumstiinces. Herschel happened to be 
examining with critical attention a region on the 
bordera of Gemini, with the idea of finding double 
stars, nebulce, or other objects of interest, but 
alighting upon the planet situated there, at once 
remarked its unique aj)pearance ndative to the 

* Aa almiinatk, or astronomical table, giving the daily places 
of the suii, moon, and planetB, and other celestial phenomena. 
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neighbouring stars. Applying increased power to 
bis telescope, he noted that it presented a planetary 
disc, while the stars near retained their invaiiable 
aspect, and were visible, even when magnified to 
the fullest capacity of his telescope, as points of 
light. The strange object had fully excited his 
curiosity, so that he determined its place, and re- 
observed it on subsequent occasions, finding that 
it was in motion. A difficulty now arose as to its 
real character, and Herschel was led to assume that 
it must be a singular comet, and as such he described 
it.* It then became an object of general interest 
to astronomers, and was keenly watched. A 
parabolic orbit was calculated, fairly representing 
the observations which had been obtained, but it 
was soon found that this would not satisfy the 
motion of the new body. The position predicted 
fi*oiii parabolic elements, such as are usually apj)li- 
cable to cometary orbits, was found in this case to 
be widely discordant with that observed ; in fact, 
the |)ath of the alleged comet could not l>e recon- 
ciled with theoretical deductions, and it had to be 
admitted that the case required re-investigation on 
the basis of the more extensive observations which 
in the meantime had accumulated. The truth 
could no longer l)e delayed. A nearly circular 
orbit was found to be the only one according with 
the motions of the strange body, and it was sug- 
gested that it could not be a comet, but a large 
planet exterior to Saturn. This view, though not 
received with universal favour at first, was soon 
adopted as the most satisfactory in its application, 
for every new observation tended to strengthen it, 
and the objections of sceptics soon disappeared. 

Tlie fact being acknowledged that the new body 
could be no other than a superior planet, it was 
suggested that, though not previously identified as 
such, it may possibly have been observed and mis- 
ttiken for a fixtxl star by the autliors of stiir cata- 
logues, who could hardl}" have overlooked so con- 
spicuous an object, for it was plainly within reach 
of the unaided eye. The places of the new planet 
were therefore roughly computed back, and a 
search instituted amongst observeis’ rccoixls, when 
it was soon found that it had been unmistakably 
detected on several occasions, and erroneously 
descril>ed as a star. This was rendered apparent 
l)y the fact that exactly in the spot occupied by the 
planet a fixed star had been inserted, where in each 
case none existed, but the observers had invariably 
failed to recognise the anomalous character of the 
object. This is, however, not surprising when we 
* ** Philosophical Transactions-/* 1781. 


consider that a low power quite fails to reveal 
the disc of the planet, and that in the fiBrning 
of star charts such a power is usually employed. 
But it seems remarkable that the motion of the 
planet always eluded detection, and that certain 
observers, who had become familiar by their 
fi*equeiit reviews with tiie configuration of the 
stars, should have again and again allowed it to 



Fig. 1.— Belative Positions of tbe Orbits of the Earth and 
Exterior Planets. 


escape identification. The old observations were, 
howevcT, not without their purpose, for they 
enabled the orbit of the ])lanet to be coinjnitc'd 
with more accuracy and facility than could other- 
wise have been the case (Fig. 1). 

It will be readily inferred that Uranus is not 
an object displaying any points of interest to 
ordinary telescopic observei*s. His vast distance 
and ap[)areut minuteness obliterate wliatever detail 
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mi^ty under more suitable conditions, have been 
revealed, so that we are wholly ignorant of the 
physical aspect of his surface. It is true that some 
glimpses of dusky belts and other markings have 
been obtained at various times, and the period 
of the planet’s rotation has been uncertainly in- 
dicated, from their changing positions, as per- 
formed in about twelve hours; but the data are 
extremely slender, so that it would be unwise to 
give them full reliance. Such observations are 
evidently obtained with great difficulty and deli- 
cacy, and come only within the pi'ovince of the 
best telescopes. And not only is the instrument 
required to l)e of the finest excellence, but the 
atmospheric conditions must be suitable to the 
work, for it is obviously useless to expect favour- 
able results on a night when the air is unsteady, 
and its varying currents originate that undulating 
aspect which is ruinous to definition, and is so 
frequently the cause of annoyance to telescopic 
observei's. A night of unusual excellence must 
be awaited, and then fully utilised, for in this 
climate we have so few thoroughly good oi)portu- 
nities that we cannot aflbixl to let one pass 
disi-egarded. 

Herschel was not slow to follow up his great 
discovery of a new planet He at once commenced 
a rigorous search for its satellites, and on Jan. 11, 
1787, discovered two, for which he computed 
periods of 8 days, 18 hours, and 13 days, 11 hours 
res 2 )ectively. He continued, during subsequent 
years, to examine the region of the jdanet for 
su8{)ected satellites, and ultimately became satisfied 
that he had discovered four others, making six in 
all, and numl)ered them j>rogres8ively in the order 
of their distances from Uranus. Theii' j)eriods of 
revolution wei*e found to range between 5 days, 21 
hours and 107 days, 16 hours ; but the observation 
of these excessively minute ])oints of light could 
only be attenq)ted on rare occasions, so that the 
mateiials on which Hei-schel’s results were based 
admitted of some doubt Apart from the great 
feebleness of the supposed satellites, there was a 
difficulty of distinguishing them from small stars 
in the neighl)Ourhood of the planet ; in fact, it 
was often inqK)ssible to find, dunng the interval of 
an obsei’vation, whether any motion could be 
attributed to these faint objects. But the fact of 
at least six satellites surrounding Uranus was ac- 
cepted on the testimony of so eminent an observer, 
and during the half-century that ensued little 
or no endeavour was made at con*oboration, 
until Lassell attenq)ted it iir 1847, and succeeded 


in detecting two satellites, with jreriods diffeiing 
from any of those assigned by Herschel. The two 
satellites seen in 1787 were re-discovered, but the 
additional four never gave the slightest clue to their 
existence ; indeed, they have never been re- 
observed, and the inference is that they were 
merely faint stars situated near the jrlanet. 
Uranus has therefore only four satellites of which 
we are certainly cognisant : namely, two found by 
Herschel in 1787, and two by Lassell in October, 
1861, as follows : — 


Order ef NRine «f 
UiDtanct'. Saiellllt'. 

I. Ariel . . . 
n. Umbriel , . 
IIL Titaaia . . 
IV. Oberon . . 


Discv.verer and Date. Period of Satellite. 

d. h. m. B. 

W. Lassell. Oct. 24, 1851 2 12 29 20 7 

W. Lassell, Oot. 24, 1851 4 3 23 7*5 

W. Herschel, Jan. 11, 1787 8 16 66 25*6 

W. Herschel, Jon. 11, 1/87 13 11 6 55*4 


The periods are those given by Lassell, whose 
instrumental means were suiierior to those of 
Herschel Moreover, the observations of the 
former were made in the clear sky of Malta, while 
those of the latter were conducted in our own 
country, which is far less favourable in this 
resi>ect Considering, therefore, that Lassell with 
these advantages, and that other observers in late 
years have totally failed to glimpse more than two 
of the six satellites assumed to have been dis- 
covered by Heracliel, we must conclude that they 
never existed. It is impossible to conceive that 
they could have eluded re-detection either by the 
large reflectors of Lassell or Lord Rosse, or by the 
gi*eat refractor of the Washington Observatory, 
which has fully proved its cjipacity for such 
work by the discovery of two satellites of Mars in 
August, 1877. We must, however, admit Uranus 
being accompanied by more than four satellites, if 
we found our ideas upon the analogies of the 
interior jdanets, which show that the number of 
satellites increases with greater distance from the 
sun, so that hereafter many additional ones may 
be discovered attending Uranus, several of which 
may reveal orbital resemblances to those assumed 
to exist by Herschel at the end of the last 
century. But should this ultimately prove to be 
the case, it will hardly be considered that they are 
identical, or that the original observations have 
been confirmed : unless, indeed, these bodies are 
liable to temporary obscurations, which is a theoiy 
that can scarcely be i*endei*ed tenable. 

A singular circumstance in connection with the 
Uranian satellites is that their motions are retro- 
grade^ and that their orbital jJanes are nearly 
|)erj)endicular to the ecliptic of the planet. This 
is in distinct contrast to what is exhibited by the 
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systems of Mars, Jupiter, and Saturn, whose 
satellites move in direct orbits, and without much 
deviation from the equatorial planes of their 
respective primaries. 

The vast distance of Uranus, expressed by some 
1,754,000,000 miles, though insigniticant when 
compared with the enormous interval by which we 
are separated from the nearest fixed star, is yet 
beyond our conception, and the completion of a 
revolution round the sun must necessarily occupy 
the planet a very long period. No less than 30,687 
of our days, or fully eighty-four years, are, in fact, 
expended in this single journey ! 



Fig. 2.— Apparent Dimensions of the Sun, as viewed from the 
several Planets. 

It becomes obvious, in considering these ques- 
tions, that the amount of sunlight received by the 
surface of Umnus must be extremely small 
Situated as it is at such a remote distance from 
the centre of light and heat, we cannot help 
wondering, should the planet be inhabited, what 
animal life can be sustained under such adverse 
influences. The sun must necessarily appear with a 
comparatively minute disc (Fig. 2), wholly incapable 
of imparting life-giving elements, except in a very 
feeble measure ; and it is evident that if this planet 
is the abode of animate creatures, they have to 
rely upon different circumstances from those which 
control life upon our own planet. But this is also 
true of each individual member of the planetary 
series, which, according to its distance from the 
sun, must have a special an*angement of surface 
phenomena ; in fact, the orbits of the planets, 
being so vastly dissimilar as regards their solar 
distances, are liable to influences which destroy the 
analogy we might otherwise expect on their sur- 
faces. We are here referring to the large planets 
of our system, and not to the numerous class of 
minor planets between Mars and Jupiter, many of 


which are situated at nearly equal distances from 
the sun, and are, therefore, all afiected by circum- 
stances of close affinity, so that the individual 
members may not present any anomalous details, 
but rather belong to a common oixler or family of 
bodies showing the same characteristic phenomena. 

From the suiface of Umnus it would be impos- 
sible to distinguish the intra-<Tovian planets, Mer^ 
cuiy, Venus, the Earth, and Mars, but Jupiter and 
Saturn would, no doubt, be distinguished, though 
with far less effect than from the e^rth. The sun 
would not ofier much impediment to such observa- 
tions, in consequence of his comparative feebleness. 
Neptune would be plainly distinguished, and 
possibly some more distant planets, of which 
we are now ignomnt Tlie configuration of the 
stars would not be sensibly different, but the 
most attractive sight in the Uranian firmament 
must be the numerous satellites belonging to 
the planet, with their constantly changing posi- 
tions and phases. 

We have already referi-ed to the discovery 
of Uranus as most imix>rtant in its aVjstract 
sense, but it proved even more valuable in its 
bearings upon other questions, and the materials 
it directly furnished for another discovery, unique 
in itself, and significant as displaying the won- 
derful capacities of mathematiiml analysis, aided 
by human genius. We refer to the subsequent 
discovery of Neptune, the history of which has so 
often been written, so that we will content ourselves 
with a brief description of the leading facts. 

In 1821 improved tables of Uranus wei*e pub- 
lished by Bouvard, and by means of these it was 
thought the precise sj)ot occupied by the planet 
at future epochs could be predicted with consider- 
able certainty. It was, however, found that 
discrepancies arose, and that the motions of the 
planet did not exactly fulfil the required conditions. 
Yet every known element operating to disturb the 
orbit had been allowed for. Tlie perturbations 
caused by Jupiter and Saturn were, no doubt, 
correctly represented, so that the somewhat erratic 
behaviour of the planet could not be readily 
explained, unless it was assumed to be brought 
about by the influence of a body, hitherto un- 
known, situated outside Uranus. This hypothesis 
was indeed suggested by Bouvard as the only 
convenient and feasible solution to the problem, 
for it soon became acknowledged that the motions 
of Uranus were in a measure affected by some 
agency which had been wholly neglected in the 
calculations (Fig. 3). 
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Tho theory of gravitation has taught us that an 
attractive influence is exercised by one body upon 
another, and that this varies according to the mass. 



Fig. 3. -Ding am illustrauxig cue Kelative Positions of XTronus 
and Neptune from 1781 to 1840. 


The effects of this attraction are to originate per- 
turbations in the planetary motions, and they are 
of a complicated character, owing to the different 
magnitudes and distances of the bodies affected. 
A part, therefore, from the main and central 
influence of the sun, tlie planets are subjected to 
cei-tain extraneous forces originating amongst 
themselves, which give rise to slightly erratic 
movements, capable of being computed with 
remarkable precision. In Fig. 3 we have 
endeavoured to show the positions of Uranus and 
Neptune, and inspecting this, it will become 
apparent that between 1781 and 1822 the action of 
the (then unknown) planet Neptune was to draw 
Uranus in advance of the position calculated from 
independent sources. In 1822 the two planets 
arrived at conjunction, and no appreciable effects 
were manifest until some years later, when tho 
motion of Uranus was in a measure retarded by 
Neptune. 

Some years afterwards the subject was taken 
up practically by M. le Verrier in France, and by 
Mr. J. C. Adams in England. Tlie new investiga- 
tions appeared to corroborate the facts just re- 
corded, and to indicate moi'e distinctly than befoi’© 
the existence of a new and large planet revolving 
in an exterior orbit to Uranus. The important 
question to decide was the position of the unknown 
orb, and whether this could be computed with 
sufficient accuracy to render its detection probable. 


The work was attempted simultaneously by the 
two mathematicians named above, and by an 
elaborate process of investigation, involving many 
intricate and laborious details, the theoretical 
place of the suspected new body was found. It 
now became important that it should be searched 
for with adequate means, for, situated at so great 
a distance, it must essentially be visible only as 
an object of considerable faintness. 

Professor Challis at the Cambridge Observatory, 
who had received an intimation from Mr. Adams 
as to the position of the new body, began in 1846 
an assiduous scrutiny of the region in which it was 
pi-esumably situated, and Dr. Oalle of Berlin 
commenced a similar search. The planet was ^on 
found. On September 23rd, 1846, Dr. Gralle detected 
an object with a planetary disc close to the position 
assigned by Le Vender, and motion afterwarda 
became apparent, so that its real character was at 
once manifested. Professor Challis had also seen 
the planet on August 4th and 12th of the same 
year, but the priority of discovering it telescopically 
rests with Dr. Galle, who first actually identified 
it as the body sought for. Further observations 
only tended to render the facts conclusive, and to 
reveal the marvellous reach and accuracy of 
mathematical demonstration. 

For some time the rival claims of Le Verrier 
and Adams were contested. Frenchmen objected 
that the latter ought to shai'e equally with their 
own countryman the honour of the discovery. The 
part each had taken in the investigation was dis* 
cussed, and it became evident that Mr. Adams 
must participate with Le Verrier in the credit 
attached to this astonishing discovery. The results 
of the latter had, it is true, proved slightly more 
accurate, for the heliocentric place of the planet 
uix)n its discovery was at 326^ 52', while Le Verrier 
gave it at 326^ O', and Adams at 329° 19' ; so that 
while the position given by Le Verrier differed 
from that observed by only 0° 52', that of Adams 
was as much as 2^ 27' in error. But this cannot 
alter the fact that the difficult problem had been 
thoroughly worked out by both computers with 
eminently successful results, and that the honours 
of this brilliant performance should therefore be 
shared between them. 

The question of an appropriate name for the 
planet came to the front immediately uix>n its 
discovery. Dr. Galle suggested “Janus” as a 
suitable title for the new body, but it was finally 
rejected in favour of “ Neptune,” — a designation 
which soon became generally adopted. 
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Powerful telescopes were directed to the planet, 
with the idea of learning something of its physical 
aspect, but in the case of a body so immensely 
distant, and presenting a minute disc even when 
highly magnided, little success could be expected. 
Mr. Lassell expressed himself confident that on 
October 3rd, 1846, he had discovered a luminous 
ring suiTounding the planet, so that in fact the 
unique figuix? of Saturn was i*ei>eated. On several 
subsequent occasions the same observer satisfied 
himself as to the reality of the phenomenon, and in 
this he was confirmed by Professor ChalHs, who saw 
the ring both on January 12th and 14th, 1847, and 
estimated that the mtio of its diameter to that of 
the planet was as 3 to 2. But though resting on 
the testimony of such excellent observers, it was 
found on i*enewed scrutiny that the idea of a 
ring must be abandoned, for no such apj)endage 
could be distinctly perceived in the best glasses. 
Mr. Lassell had, no doubt, been deceived by his 
earlier impressions of the figure of this difficult 
object, and we can easily understand the cause of 
the eiTor. He had been looking for such an 
appearance as analogy suggested, and the ill-defined 
figure of the planet imperfectly shown in his 
telescope had caused him to exj)lain it on erroneous 
grounds. But though failing here, Mr. Lassell 
was very successful in another respect On October 
10th, 1846, he obtained glimpses of a satellite of 
Neptune, for which he deduced a i)eriod of 5 d. 
21 h. 8 m. This discovery was shortly afterwards 
confirmed, and traces of a second satellite were 
glimpsed, but it still awaits corroboration, so that at 
present we only have certain evidence of a single 
satellite attending Neptune. 

After a certain amount of observation, new 
elements, based on observed positions, were com- 
puted for the planet. Its mean distance from the 
sun proved to be about 2,746,000,000 miles, and 
the period of its revolution about 165 years. The 
orbit was found to differ widely from that theo- 
i*etically assigned to it by Le Verrier and Adams. 
Its distance from the sun was considerably less 
than that supposed, and it is distinctly opposed to 
Bode’s law* representing the distances of the 
planets, which indicated in the present case the 
distance as 388, whereas it was found at 300*4. On 
this account some exception was taken to the 
reality of the discovery. It was even said that 
Nei)tune could not be the identical planet to which 
the original computations of Le Verrier and Adams 
liad reference, but must have been accidentally 
* “Science for All,” Vol. IV., pp. 173-4. 
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situated at the position they had assigned. This* 
attempt, however, to detract from the merit due to 
the discovei*ei*s signally failed. 

We have already stated that Uranus, long 
anterior to its discovery by Herschel, in 1781, had 
been observed as a star, though not identified as a 
planet; and this is equally applicable to Neptune, 
for Lalande had seen it in 1795, without, however, 
detecting its planetary natui*e. The position it 
had occupied half a centuiy prior to its discovery 
served a useful purpose in computing the orbit 
with a degree of accuracy which could not other- 
wise have been attained. 

The large instruments of our own day have not 
revealed any new facts concerning the planet. No 
markings have ever been discovered upon its 
surface, so that the time of its rotation is a 
mystery. No additional satellites have been caught 
sight of, though it is admitted that the one dis- 
covered by Lassell in 1846 is not a very difiicult 
object to glimpse. Possibly, the remaining satellites 
may be excessively minute, in this respect ofienng 
an analogy to the system of Saturnian satellites, one 
of which (Titan) far outshines the others. 

But though our knowledge of the most distant 
planet is thus admittedly incomplete, we have 
lately been attracted to the consideration of the 
question as to whether there are other planets 
beyond the sphere of Nej)tune which, owing to 
their minuteness, have hitheiiio avoided discovery. 
Professor George Forbes has investigated the 
matter, and endeavoured to show, from a relation 
of the aphelion distances of comets with planetary 
distances, that there are i)robably two such planets, 
and he has made an attempt to deduce approxi- 
mately the positions. The nearest planet he 
yfiaces at R.A. llh. 40m. N.P.D. 87° in 1880, and 
the farthest at R.A. 22h. Om. N.P.D. 51°; but the 
latter is very doubtful, and he only exj)resses 
himself confidently as to the position of the former, 
which, however, has not l)een found, though closely 
seaj'ched for at several observatories. We cannot 
here enter into an explanation of the reasoning by 
which Mr. Forbes has been led to such definite 
results, t but merely mention them to show the 
tendency to search yet farther afield for new orbs ; 
and that we may anticipate such discoveries is 
evident by the energy of obsei*vers, and the capacity 
of i*ecently constructed telescopes to reveal fainter 
objects than any which could be discovered by the 
instruments of years ago^ 

4 These will be found detailed in “The Observatoiy for 
June, 1880, pp. 430— 44G. 
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WHAT IS UNDER LONDON? 

By Fkejdeuic Dkew, 

itssistant Master at Eton College, Associate of the Royal School of Mines, 


fpO find out what underlies any great city, 
X although the knowledge of it is often of 
much use and sometimes even of vital importance, 
is not a thing that can be done easily or at any 
time that one may choose for the investigation 
The surface is so covered by buildings, jmve- 
ments, and roadways, and so obscured by the 
“made ground” (old rubbish-hea[)s and other 
artificial accumulations) in those parts which have 
been for long inhabited, that only occasional 
glimpses can be got of the true and once virgin 
soil. However, the excavations that not unfre- 
quently diversify our streets (the object of which 
is in itself a matter of interesting speculation to 
the passer-by) yield much information. For my 
pail, I rejoice to see a London street bari*ed, and 
a great mound of earth and stones thrown up along- 
side of it, and to take note of the various soils thus 
exhibited. Tlie (Jeologioal Survey of London was 
indeed made by the Government surveyor's from 
observations on such chances, coupled with an 
examiiuition of the records of former operations that 
liad been kept by engineers and others. 

Tire reply to the question propounded should, 
in the first place, satisfy those who wish to know 
what is immediately beneath their feet, down, say, 
to a depth of 20 ft. ; those who may be anxious 
to know on what soil their dwelling is built, 
whether on gmvel or sand, on clay or on chalk, 
and to consider the bearing of this on the healthi- 
ness of the situation. But the answer should go 
farther, or rather doepei*, and should satisfy those 
interested in well-sinking, railway-tunnelling, and 
other engineering ojwjrations, and even those 
desirous or curious to know' if there be any chance 
of our finding l^eneath London such mineral 
wealth as has, in other parts of our country, 
created centres of })Oj>ulation and of industry. It 
need hardly be said that the subject, when treated 
in this way, is a geological one. The principles of 
geology have been so fully illustrated by various 
papers in this work, to several of which special 
i^eference will be made as we go on, that the reader 
must be credited wdth a knowledge of these 
sufficient for application to the case befoi-e ua At 
the same time, the details aild explanations that 
will be given may recall and strengthen in the 
reader's mind the trutlis previously laid down. 


The flattest and lowest pai'ts of London claim 
our attention firat. By this is meant physically, 
and not necessarily socially, the lowest. Alongside 
the Thames, sometimes on one side of the river 
and sometimes on both sides, is a spread of flat 
ground, which is in truth below the level of high 
water and has been reclaimed by man from the 
area that the flood-tide once covered. The inner 
boundary of this flat land is marked by a natural 
bank or rise of ground, except where it has become 
obscured by filling in or by the building of streets 
at a higher level, or by other artificial means. The 
tmet includes portions of Battei'sea Park, of Pim- 
lico, of Lambeth, and of Southwark. The inhabi- 
tants of these two last distnets have reason to 
know what a low level they live on, suflering as 
they do every now and then from the invasion of 
a tide higher than that which the present barriers 
are able to exclude. Below Bermondsey the spread 
of this alluvium widens, while on the north or 
left bank of the river it is joined by a corre- 
sponding de}X)sit of the Lea, the mouth of which 
river, at Bow Creek, once made a not inconsiderable 
branch of the Thames estuary. Now all that low 
part has for its soil mostly clay, commonly a bluish 
clay, which is nothing but the river mud that the 
river itself deposited when it had its own way — 
tliat is, before man began to embank the mud flats 
and make them his own. 

Besides the clay, sometimes a layer of sand is 
found, for the river, in its various overflowings and 
shiftings, now and then drifted along and deposited 
sand as well as the more frequent mud. Again, in 
some spots a layer of peat is met with. Such an 
accumulation of vegetable matter was not de- 
])osited but grew on the spot. This shows that 
sometimes the mai-shes were left free enough from 
water for vegetation to take root in them. 

These materials thus spread over the flat are 
called “ Recent Alluvium.” The word “ alluvium ” 
means that which is washed down from above, and 
de{K)sited by a river, while the epithet “ recent ” is 
needed, as will presently be seen, to distinguish it 
fix)m the next kind of soil. 

Below London the low flat is much broader than 
abova As one steams down from the docks, the 
wider extent of marsh can be seen, from which the 
artificial bank or wall alone kee|)s out the rising 
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tidal waters. It has been remarked by Mr. 
Whitaker of the Greologioal Survey that we have 
here the true cause of the position of London. 
The reason that London was in very early times a 
place of imi)ortance is the same as that which 
makes it a port of importance now. It is there 
that the best access by sea is gained towards the 
heart of the southern i)ortioii of our island. The 
navigator was and still is cairied onwaixis most 
easily and conveniently by the alternating tides 
until, instead of mere marshes, the dry gravel plains 
next to be described are reached, which, being high 
and dry, thougli not too high above and l)eing close 
to the great highway of the tidal river, made a 
good site for dwellings accessible from it 

This leads us to consider the next ti*act, that of 
the graveL Gravel underlies a considerable part 
of London and its environs, including the most 
favourite and [lerhaps the most healthy portions of 
the nietro 2 )olis. It is not unlikely that in the early 
times of man’s settlement here, the sjrace occupied 
by the gravel was bare of trees and made a belt of 
©iren ground between the forcist and the river 
mai*shes. This ground is at various levels ; often it 
constitutes terraces at different heights, but some- 
times it more gradually slojres upwards from the 
Recent Alluvium, Thus at South Kensington there 
seems to be a gradual sloi>e upwards from the 
Chelsea district, some of which at all events is of 
the lower alluvium, to the South Kensington 
Museum and the Albert Hall, while along the 
Bayswater Road is a higher level terrace. Picca- 
dilly, again, and the Strand are near the natural 
terrace-sloj)es of similar mateiial. 

The origin of such terraces as these has already 
been explained.* They are levels of an older 
alluvium. The river, by continually supplying 
from above more of the stony material derived 
from the waste of the Chalk Hills than it could 
manage to carry onwards, raised its own bed, spread 
the stones as it wandered to the right and left, and 
made a gravelly plain extending from hill to hill 
all along its course from Reading to London, and 
the level of that gravelly plain was mised as the 
accumulating 2 ii*ocess continued. Later on, for 
reasons about which geologists are not altogether 
agreed, the river changed its habit^ and, instead of 
allowing material to accitnmlate^ began to lower the 
level of its bed by carrying down towaids the sea 
more stones than were su})plied from alK)ve. In 
doing so, it cut out the present immediate valley 
of the Thames, and left terraces, as described in 
♦ “ Science for All,” Vol. II., p. m 


the j>aper before quoted ; and the side streams cut 
down their channels corresjx)ndingly, so that these 
terraces are less continuous than they would 
otherwise have been. 

An opportunity is every now and then given, 
by excavations for a drain, a cutting for a railway, 
ikc., of seeing what the gravel is composed of. 
The stones ai’e clearly half-worn chalk flints. The 
river action, by which they have been transported 
maybe forty or fifty miles, has rubbed off the 
most i)rojecting points, but has not converted them 
into smooth round pebbles. Between the larger 
flint stones smaller fragments of the same occur, 
as well as sand. This last also is sometimes found 
in distinct beds among the beds of gravel. 

All this is called the “valley gravel” of the 
Thame.s. This name distinguishes it from certain 
other masses that lie beyond the range of the 
present pai>er. 

It should be added that of the same age and of 
similar origin are certain s{)read8 of brick-earth, or 
loam — which was a more sandy mud. This was 
made by the si)roading river carrying silt of that 
kind, and leaving it here and there in the stiller 
2 )oriions of its waters. 

Tlie beds of gravel, besides affording a dry 
and liealthy soil for the site of a house, also 
contain water at a slight depth. In sinking to 
from 12 to 30 feet water can generally be found ; 
such accumulations are now for the most pait 
suj)erseded by the water-works, but before the 
region was so crowded such wells gave a convenient 
and good supply to the inhabitants. These facts 
demonstrate that at no great de 2 >th a change 
takes place in the material of the soil. It is 
the occurrence of an impervions stratum that allows 
the min water that has been able to filter down 
between the stones of the gravel-bed to accumulate. 
The well is sunk just into this lower stratum, and 
from the hollow we can draw water that continually 
flows or dribbles in from all sides. 

This im 2 ^rvious stmtum is a tliick bed of clay, 
which (with the exception of certain portions to the 
south-east) underlies the whole of London. Either 
it is to be found beneath the “ Recent Alluvium,” 
and the “ valley gravel and brick-eai*th,” or it con- 
stitutes the surface soil. In either case it will l>e 
found to continue downwards for a hundred or 
more feet This is that which one sees turned up 
in certain districts of London and the suburbs as a 
brown, sticky, smooth clay. If, however, it were 
got from far down, as in a deep well, it would 
oftener be found blue than brown, the brown colour 
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near the sui*f^e being due to a kind of rusting. 
Such is the London Clay, a name well known in the 
neighbourhood, and well known in the wider area 
in which geological nomenclature is familiar. 
Looked at as part of the sub-soil of London, it is 
undoubtedly the least favourable for dwelling on, 
and it occupies some of the less favourite quarters 
of the town. London was built first on the gravel, 
but in spreading it occupied some of the adjoining 
day land. It is likely that when a space of 
clay land thus built over is completely occupied, 
paved, and drained, thei*e comes to be far less 
difference in point of salubrity than there was at 
first between it and the gravel tracts. 

For a thorough understanding of the way in 
which the different soils thus far enumerated are 
distributed, a map such as has been constructed by 
the Government Geological Survey is necessary. 
Or, better still, the raised map or model may be 


most districts are Hackney, St. Pancras, and all 
south of the Marylebone Road. A little north of 
that road the clay begins which extends throughout 
the northern suburbs, including St. John’s Wood 
and Regent’s Park, and the slopes upwards towaixls 
Hampstead and Highgate, but not, as will shortly 
be seen, the summit of the hills that bear those 
well-known names. 

On the south the arrangement is at first similar, 
but it ends difierently. Going, for instance, 
towards Clapham, one would, on leaving the lowest 
flat, pass over a low-level gravel ; then, on rising, 
pass a narrow strip of clay, which is capped by a 
higher-level gravel that makes the plateau of 
Wandsworth and Clapham Commons. A somewhat 
similar succession is found at Putney ; Putney 
Heath and Wimbledon Common together constitute 
a plateau, which is, as it were, an island of gravel 
surrounded by clay, for as soon as one goes a little 



Fig. 1 .— Geological Sectiox of the Thames Valley prom Hampstead Heath to Clapham Common. 


Siiiw*rflcial n<*i*osit8 :—l. Recent Alluvium; 2, Grnvel. Tertiary Furmnti'*ns: S, Bngshot Sand; 4, London Clay; R, Lower London Tertiaries. Secondary 
Forinatious :6, Cbnlk ; 7. Upm*r (ireensand and Gault. Tho line A b denote* tho level of the aea; the dotted line from ferraco to terrace abowa the 
ueiffht to which, I be gravel had- accumulated, and the hollow beneath that lino representa the extent to which it was af terwarda worn away till the 
valley, in nearly its present form, was made. 


consulted which stands in the large room of the 
Museum of Pmctical Geology, in Jermyn Street. 
We must here be satisfied by a slight sketch only 
of the distribution. From the Tower westward for 
some miles a teiTace-slope of gravel faces the river, 
with a break where the valley of the Fleet comes 
in at Blackfriara ; west of Trafalgar Square this 
terrace may be said to branch into two, one being 
that of the line of Carlton House TeiTace, while the 
other is the higher level of Piccadilly. The London 
Clay comes to the surface between these two, and 
continues in a narrow strip along the hollow of the 
Serpentine towards Westboume Terrace, while a 
branch strip runs westward through the lower jmiii 
of Kensington Gardens to Holland House. South- 
wards from this line a lower level of gravel extends 
(including that on which South Kensington is built), 
which either continues to the river or gives way to 
the clay of the Recent Alluvium. Noiibwards from 
that line of teirace-slopes a large gravel area ex- 
tends. which is completely built over. The farther- 


way down the STiiTounding slopes clay a])|^ars at 
or shows signs of its proximity to the surface. 

In some parts the gravel is reifiaced, as it wei'e, 
at the same level by brick-earth. The largest 
spreads of this brick-earth (which in chai'acter is 
intermediate between sand and clay) are from 
Royal Crescent, Netting Hill, westward, at High- 
bury, and at Stoke Newington. 

It would be inadvisable to express further in 
words what can so much better be expi’essed in a 
map, and perhaps this sketch will enable the I’eader 
to find more in the geological map than he other- 
wise would. He will be helped to a clear under- 
standing of it by the annexed section, dmwn as 
from Hampstead to Clapham Common. (Fig. 1.) 

As to the London Clay, it must be understood 
that the original thickness of it all over these parts 
was the same, or about the . same, as is now seen 
beneath Hampstead, . where close upon 300 feet 
of it is capped by the next formation in the 
series of deposits that were made beneath the sea 
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long before any of the present ground about 
London was shaped, which capping of sand also 
extended as a great layer over the whole of our 
area; for in going back from the epoch of the 
formation of the gravel to that of the clay, we step 
over great periods of time — jxiriods during which 
much happened on the earth that is here unre- 
corded. These periods are those to which geologists 
have given the names (going backwards) of Pliocene, 
Miocene, and, according to some authors, Oligocene. 
Tliat period of a portion of which the London Clay 
is a record is called Eocene. 

To bring our minds to understand the state of 
the geography of England in the Eocene times 
requires a much greater effort than we have yet 
been called upon to exei-t. For hitherto we have 
had to imagine the Valley of the Thames in a 
somewhat different state and form, but now we 
have this part of England with no Thames, the 
hills about London as non-existing, and the very 
material of which they are made as but beginning 
to arrive. That the London Clay was formed in the 
sea from the waste of some old land there is the best 
of evidence (Vol. IV., p. 315). When good openings 
in it are to be seen, such as that which a well 
or a railway cutting freshly made may give, 
or, better, when it is exposed at a cliff, as is 
the case in the Isle of Sheppey, a rich assemblage 
of fossils is found in it. 

The meaning and impoiii of fossils have already 
been explained* An examination of the fossils of 
the London Clay will tell us much. Of marine sliells 
— the moving houses of various denizens of the sea — 
we find nearly 300 kinds ; the names of some of . 
these are so familiar to many that they are worth 
repeating for the sake of giving some idea of the rich- 
ness of our sea at that time in this kind of pojmla- 
tion. There lived some half a dozen different 

kinds of Nautilus^ together with some of those 
allied creatures (different as they are at first sight, 
from their possessing no external shell), the Sepia, 
or Cuttle-fish. Then, of ‘‘ Gasteropoda ” are found 
ConuSy Foluta, Murex, Bulimus^ Natica^ Cyproia^ 
and many another ; of “ bivalve ” shells, Pecten^ 
Avicula, Cardiumy Cardita^ Pinnay SoleUy Modiohiy 
mid Teredo. The class Cinistacea is represented by 
numerous cmbs, and fishes were there in great 
variety. But besides these and many others which 
tell of the sea, there are found some fossils which 
indicate that land was not so far off but that things 
could be drifted from it to our sea-bed. Remains 
of turtles and tortoises and of land birds have 
* “Science for All,” Vol. I., p. C4, 


been found, and in some parts many specimens of 
the fruit of a sj^ecies of {)alm-tree, called Nipadites, 
a tree the like of which gx’ows on the land fringing 
large rivers in their lower courses. Hence it is 
believed that though the London Clay is marine, 
yet it was dei)Osited outside the mouths of a great 
river, its sediment being supplied by that river. 
But these fossils tell us more. They tell of a 
climate different from our present one, of seas 
warmer. Palms now grow no nearer to us than 
the south of Fi*ance ; the living shells most like 
those of the London Clay are, if not tropical, yet of 
distinctly warm regions. Such a light do fossils 
throw upon ancient geogiuphy that the depth and 
temperature of the seas that covered our country 
at various ages can even now be stated with a 
closeness that brings before us trutlis of great 
interest and magnitude, while in the future, espe- 
cially if more voyages like that of the Challenger 
be carried out, we may hope for a near approach 
to ceriainty of detail. 

The mud thus deposited spread over an area 
which may be likened in extent to that of half a 
dozen counties. Intermediate poitions of it have 
since been removed, but the extreme points at 
which it is now found are in Dorsetshire and 
Essex, in Wiltshire and Sussex, and it doubtless 
once existed still farther in every direction. 

This is the time to speak of that patch of sand 
found on the summit of Hampstead Hill, which is 
represented by the number 3 in our section (Fig. 1 ). 
Hampstead Heath, with its level summit, its slopes 
and dells, has for its soil sand, as can be seen at many 
oi)enings which have at various times been made 
for that material Mr. Whitaker indeed asserts 
that so much has been dug away that little of the 
original surface of the ground has been left. No- 
where, probably, was there a gi’eater depth of sand 
than 80 feet. It rests nearly level upon the 
London Clay. The boundary of the patch, or, as 
it is called, “ outlier ” of sand can pretty well be 
traced. Going down almost any of the sloj>es 
one will meet with some indication of water 
coming out — a spring, for instance, or a swampy 
bit of ground. This denotes the level of the plane 
of junction of the two formations at that particular 
spot. The rain-water that falls on the Heath is 
absorbed into the sandy soil, trickles down till it 
meets the imi^ervious London Clay, spreads right 
and left till it finds an outlet where the ‘‘ plane of 
junction” reaches the light; in other words, at 
the outcrop of the junction of the two beds. 

A similai', but smaller, patch of these sands 
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occurs on Highgate Hill ; there is one on Harrow 
Hill, and perhaps one in Richioond Park. The 
greatest extent and thickness of the formation is to 
be found fifteen miles and more from London — at 
Esher, Virginia Water, Ascot, Aldershot, and 
Bagshot, from which last place the name has been 
taken. Geologists have no doubt that the outliers 
just mentioned were connected with this main 
mass, and are but the relics of a great sandy 
deposit that was once |>erhaps co-extensive with the 
London Clay. 

The formation of the Bagshot sands was in this 
wise. When the whole of the London Clay had 
been de|x>sitetl in still water, the sinking movement 
of tlie sea-bed that had been going on became 
arrested, and perhaps changed to one of uplieaval. 
The now shallowed sea became affected by waves 
and currents that were able to spread upon it the 
coarser dejKJsit of sand, which was brought also 
from the wasting land, but perhai)S from where it 
was being wasted by the action of the waves around 
its coast. Tijere is little doubt that the continent 
of that time, as well as of the ]>eriod of the 
London Clay, was to the north and north-west of 
the area of dej)osition. The numerous marine 
animals before s^)oken of no longer flourished in 
the uncongenial conditions of the shifting sand; 
few, if any, existed; the shells of none have 
been jireserved, or, at least, none have been dis- 
covered. This lower part of the Bagshot sand is 
“ unfossiliferous.” At some jieriod later than this 
the whole aroa was uplifted from the sea and was 
made into land, the form of which soon again 
began to be modified ; but many ages elapsed before 
our plains were made and the hills brought to their 
present form. As to the time when this happened, 
we may say that this process of denudation may 
have been going on from the Miocene period on- 
wards. The agencies exerted have been explained,* 
and may be enumerated as the sea, with its waves 
and cuirents, i*ain, rivers, and weather in every 
form. 

The question now comes on What lies beneath 
the London Clay 1 ” Well-sinkings that have been 
made enable us to answer this directly. Every- 
whero it I'ests uj)on a somewhat mixed or varying 
mass, which yet may accurately be described as a 
thickness of 100 feet or more of sand, with some 
clay, and some beds of flint lobbies. These strata 
(which collectively bear the name of ‘‘Lower 

* “A Highland Glen:” “Science forAll,”Vol. I., p. dZ; 
“ Hills, Dales, and Valleys,” Ibid., Vol. I., p. 116 ; and 

Rivers and their Work,” Ibid,, Vol. I., p. 208. 


London Tertiaiies *') have been subdivided, and 
these subdivisions have been carefully traced when- 
ever they come to the surface. For our purix)se, 
however, they may be treated en 7na88e, Only a 
list of their somewhat varying pails is here given 
in a note.t 

If our section were continued failher to the 
north, or to the south, or if another section wero 
drawn at right angles to this one, then it would be 
seen that towards the north and south, and east and 
west, these lower beds come nearer to the surface, 
until they crop out and occupy an area of the land, 
all above having been removed. Close to London 
it is at the south-eastern outskirts that this has 
happened; first at N unhead, then at Blackheath 
which is covered by the uppermost of these strata, 
namely, the thick pebble bed. It is this that gives 
the peculiar chai*acter to the heath, and to the 
continuation of the same plateau towards Enth, 
while the rising ground on the south of this line is 
occupied by the London (^ay. 

Fossils aro by no means regularly distributed 
through this formation, but at certain localities 
and at ceilain horizons, or strata-levels, shells of 
several species occur. Sometimes these are marine, 
sometimes they show what are called “ estuarine 
conditions,” that is, they belong to those species of 
animals that frequent estuaries, where the water is 
brackish, or half-salt. These include, among other 
kinds, a variety of oyster, which is common in 
these beds at Woolwich, and which can often be 
obtained in such a state as to give a proof, convinc- 
ing to the least educated, of the marine or estuarine 
origin of the material it is found in. Land must 
have been nearor during this period than during 
that of the London Clay. The presence of pebbles 
denotes this, and the varying character of the 
deposit also. What was that nearer land that was 
wasted to pix)duce these lower strata is not 
altogether clear, though, if tl)e reader will re- 
member that the pebbles in them are made of Jllnt^ 
he will shortly find that the fact will afford him 
a clue to a portion, at all events, of the mystery. 

The next formation downwards in succession is 
the well-known material chalk. Everywhere he- 
neath London, as has been proved by many a well- 
sinking, there lies a mass of chalk, seveial hundi'ed 
feet thick. Those wells or borings that have gone 
through it and reached to another stratum, show 

t Oldhaven or Blackheath beds—9^ thick bed of pebbles and 
sand. 

Woolwich and Beading ■ometimes land, Bometimea 
clay ; ibelli frequent. 

Thanei bede—fino buff sand, without foiiiUi. 
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that it is about 600 feet thick. Going to places 
north and south of London, we find that the chalk 
bends or dips upwards in each of those directions, 
at last coming to the surface ; then it makes a 
tract of hilly ground stretching far from east to 
west, or from north-east to south-west. A geo- 
logical map of England shows by its colouring 
the simce of ground thus occupied by the chalk; 
our explanation of the London area will have 
made it clear that wherever Tertiary forma- 
tions are coloured on such a map, the chalk 
underlies them; and it must also be understood 
that the chalk once extended over some of those 
parts which are now covered by the stra-ta older 
in the series than the chalk. Over the tract 
intervening between the Kentish and the Sussex 
Downs the chalk once extended, and north- 
westwards it stretched beyond the chalk hills of 
Berks, Bucks, and Cambridgeshire, over Central 
England, diminishing, no doubt, in thicknesa 
It is certain that during the Chalk Age a great 
portion of both England and France was beneath 
water, under those conditions described in a former 
paper,* which conditions, we have seen, now prevail 
in a large part of the Atlantic and Pacific Oceana 
That is to say, on the southern portion of our island 
and part of northern Europe, a white or grey mud or 
ooze was accumulating from the fall of the minute 
shells of Globigerina, to which were added the 
remains of many other marine animals, but sandy 
or muddy sediment was quite absent from tlie 
area at that time, the ocean being clear, though 
probably not one of gi-eat depth. 

One or two details about the chalk must be 
given. It is not quite the same all the way 
down. The upper portion contains the “chalk- 
flints,” which are irregular masses varying much 
in size, fi*om the size of a walnut to several 
times that of one’s head. Now, it is these flints 
(dei’ived from the chalk of other i)arts) that are 
the source of the flint pebbles which occur in a 
well-rounded state in the lower London Tertiaries. 
This shows that some of the chalk had been up- 
heaved, and had formed land before or at the 
commencement of the Tertiary j>eriod ; thus some 
of the land is accounted for, which, being wasted, 
produced the Lower Tertiary strata. 

Again, it is these same flints that make up 
the gi*avel that to so great an extent fills the 
Thames Valley. The Thames drains a large extent 

• “ Science for All,” Vol. I., p. 9, and Vol. V., p. 65. 


of chalk hills ; these often have for a covering a 
layer of loose unrounded flints, which were got 
together by the gradual dissolving away of many 
feet of chalk that contained them. These flints 
have been, little by little, washed down into the 
streams and so reached the Thames, which then 
rolled them along and spi*ead them over its bed. 

To go back to the chalk. The lower portion is 
completely free from flints. Lower still it becomes 
less pure and white ; it is, in fact, “ grey chalk.” 
Lowest of all is “chalk marl,” which is a whitish, 
friable substance when dry, but grey when wet, 
and then holding together from an admixture of 
argillaceous or clayey matter. Now, with respect 
to water su])ply — for which object the borings or 
well-sinkings into the chalk have been made — it 
must be noted, first, that the purer clialk is the 
portion of the formation that cotttahis water, while 
the lower i)ortion8 — the grey chalk and the chalk 
marl — oppose the downward passage of the water, 
or hold it up. A great number of wells have been 
sunk, from 100 to 300 feet deep, into the chalk ; 
but the demand for water has increased beyond the 
supply from them ; hence enterprising firms have 
puri)Osed to obtain a larger supply by penetrating 
the grey chalk, and another bed yet more imi)ervious 
that is known to underlie it, to see if haply a yet 
lower formation might give the needed suj)ply. In 
thus sinking, it was found that the chalk is under- 
laid by a certain sandy-chalky bed, called the 
Upper Greensand, and then by 150 feet of a 6/we 
c/ay, which also is well known where it crops out 
or comes to the surface north and south of London, 
and which bears the name of ‘ Gault. ”t This bed 
seems almost everywhere to have preceded the 
chalk. The deposition of its material and the sub- 
sequent clearing of the sea, though not thoroughly 
accounted for, seem to denote a gradual sub- 
mergence. Its fossils genemlly resemble some of 
those of the chalk, though difiering in species and 
wautiiiff in those kinds characteristic of a more 
open oceanic area. The hopes of a large supply of 
water on this bed being pierced — and it has been 
])ierced at a depth of 1,000 feet from the surface — 
were not fulfilled. What v)a8 found beneath the 
Gault, what hopes have been raised by that find, 
and what foundation there may be for those hopes, 
cannot find a place here, but the demonstintion of 
them may, perhaps, be described in another placa 

t In the seotioii the Upi>er Greensand and Gault are massed 
together, and numbered 7. 
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HIBERNATION OP MAMMALS. 

By J. Duns, D.D., F.R.S.E., 

Pro/emor of Natural Science, New College, Ndtnburgk. 


rpHE hibernation of animals is a point in 
X natural history which must have forced itself 
on the least observant of country residents. But 
what is “ hibernation ? ” 

The “ theory of surrounding influences ” * was a 
favourite subject with the older naturalists. Their 
successors ascribe to it the weight of established 
truth as the “doctrine of environments. The 
former insisted on the adaptation of animals to the 
cliinatal and other conditions of their areas of 
distribution, as the pi*otest of science against the 
assumption that external influences explain the 
growth of organs and determine their forms; the 
latter appeal to the adaptation in order to re-aflSnn 
the so-called doctrine. Both sides might find much 
to interast them in the subject of this pai>er. We 
wish to keep clear of speculative views, because it 
is really of no moment for our present purpose 
whether habit is the outcome of original impress, 
or simply the expression of a countless crowd of 
influences active throughout untold generations, 
and now the definite rejiresentation of natural 
law. 

This reference to suiTOunding influences leads 
us to the heart of the topic now before u& As to 
climate, man meets its ever-varying seasonal con- 
ditions by the forth-putting of inventive and 
adaptive intelligence and skill to jirovide suitable 
coveiing. In the case of the lower animals, the 
provision is natural and ready. As to food, man 
is not wholly dependent on the supply wuthin the 
area of his distribution. Among the lower animals 
demand and supply ai*e both natural ; there 
is no taking thought, as with man. But the animal 
may inhabit an area where the sii])ply fails at 
regular intervals, and if the appetite continues 
active exceptional instincts and conditions of life 
must come into play. It must either leave the 
locality, or instinct must work in a way generally 
ascribed only to intelligent forethought, or a state 
must intervene in which conditions favourable to 
the preservation of the s])ecies without feeding 
must be siij>erinduced*. The first gives us the 
migration of mammals, the second their habit of 
storing food for winter use, and the third their 
hibernation, or the habit of winter sleej). Tlie 

* Bell : “ The Hand,” chap. vi. 

+ Silencer ; Principles of Biology,” Vol. I., i»p. 80—90. 


firat has been dealt with in a former paper (p. 142), 
the other two fall now to be considered. 

There is a pretty 'gradation of habit here which 
has been hitherto overlooked. We see the storing 
instincts undergoing modifications, and gradually 
slojiing into the darkness of deep winter lethargy. 
Let us ti’ace the steps. There are, first, the animals 
which store food for the winter, but do not 
hibernate. They have no long periods of sleep, 
and are of interest here only because they link 
on to forms which have. The long-tailed field- 
mouse (Mits aylvaticus) is one of the best known 
of this group. Each mouse lays up its own hoard 
of com, the seeds of flowers, acorns, &c., in some 
deserted mole-run, or among heaps of stones, at 
the base of old walls, at the roots of trees, or 
under the thick moss in unfrequented roads and 
hedgerows. It makes sure while the sun sliines of 
an ample supply for winter use. Autumn diligence 
sets it free from winter care. But it is in the 
family Sciurimi^ or squirrels, that we best see the 
link between non-hibernating and partially hiber- 
nating mammals. Some well-known American 
forms belong to the former ; our own common 
squin'el introduces us to the latter. The chickaree, 
or Hudson’s Bay squirrel {Sciurus liudaoniua)^ 
stores up great quantities of hickory-nuts, butter- 
nuts, chestnuts, and hazel-nuts. Audubon saw a 
bushel and a half of these taken from a hollow 
tree occujued by a single pair of these industrious 
creatures. The four-strijied ground-squirrel (Tor 
mim qjvadrivittatvs) is noted for similar habita 
It is a curious fact that these forms often, if not 
always, hoard more than is required for the winter 
use. Instinct overshoots necessity. The labo- 
riously-gathered supplies of the previous autumn 
go to waste wlien summer comes with its sufficiency 
or its suj)erabundance of food. The beaver is 
another good example of a storing but non- 
hibemating animal. Bark is their chief article of 
food, though they also feed freely on the juicy roots 
of water-plants. Its mode of keeping the barks 
soft and succulent for winter use is by cutting off 
the gi’een branches of the willow, the iK)plar, the 
birch, &C., and carrying them to its dam, where they 
lie under water during the winter. We come, 
secondly, to the animals whose hibernation is either 
partial and interruiited, or complete. Hibernation 
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may be incomplete, (a) Mammals which hoard 
liibernate interruptedly, and come occasionally or 
frequently abroad during winter. These, it will 
be seen, for the most jmrt belong to the oixier 
JRoderUiaf or gnawers, as, indeed, do most of the 
true hibernates. The common squirrel (Sciurus 
vidyaris) is an excellent example under this head. 
This pretty, nimble, gentle, playful, little rodent 


a hearty meal, and retires again for days or weeks 
of unbroken slumber. The habits of the chipping 
squiiTel {Tamias lyateri)^ a related American form, 
bear some resemblance to those of our common 
squirrel. It is, however, gregarious, and lives in 
burrows, from which numerous galleries branch off. 
In these, great abundance of different kinds of 
nuts, Indian corn, <kc., is hoarded. (6) Mammals 



Fig. 1 .— The Comaion Bat iFcspcrfilw pipisirdliiB) in Flight. 


begins in mid-autumn to gather hazel-nuts, acorns, 
beech-mast, fir cones, which have come too late in 
the season, and the like. These it stores away in 
different places, near to its winter reti'eat, a dome- 
shaped nest of intricately arranged twigs, lined 
chiefly with leaves and moss, but sometimes having 
tufts of wool and a sti^ay feather or two picked up 
at random. Throughout late autumn and early 
winter it rigidly abstains from breaking in upon 
its stores. When winter fairly sets in, it betakes 
itself to its warm nest for considerable periods of 
deep sleep; but whenever a peculiarly mild day 
comes it leaves its abode for a lively gambol among 
the bi:janches, visits one of its many stoixis, makes 

22S 


which do not hoard, whose hibernation is more sus- 
tained, but which occasionally come abi'oad. Some 
bears and some bats are of this sort, though no 
sharp and definite line can be dittwn between them 
and true hibernates, because, in the case of the 
bears, at least, there is a difference in the habit of 
the sexes as regards this. The grizzly bear ( Ursica 
ftrox\ huge, fierce, active, occurs as far north as 
6P, and is met with also in the south of Mexico. 
Richardson says: “The young grizzly beat's and 
gravid females hibernate.” But even they are 
known to come abroad before the snow is off the 
ground. Thus they differ from complete hiber- 
natea The old males come habitually abroad 
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during winter. Tlie polar bear {Crs^is niaritimus) 
is essentially an Aiotic animal, and there can be 
no necessity for hibernation on its part, so far as 
food is concerned, because food abounds throughout 
the year in its natural habitats. The pi*egnant 
female alone I’etires to a winter den or burrow, in 
deep snow-drifts, where she remains without food 
from the end of November till the end of March. 
Meanwhile two tiny cubs are born, and with these 
now as large as shepheixls’ dogs, she comes forth 
in spring. When the female betakes hei’self to 
her hibeniacuhtm the male goes out to sea on the 
ice, feeding cliiefly on seals. It is a noticeable fact 
that the non-pregnant females wander free through- 
out the winter like the males. A good deal of 
uncei*tainty })revails as to the habits of the black, 
or slot!: bear {U, labiatu8) oi India. Mr. Sandei'son* 
says : “ It does not hibernate, and though covered with 
so thick a coat, seems quite at home in the hottest 
localities.” Captain Baldwinf remarks, “ I need 
hardly mention that the different species of Ursidce 
inhabiting cold climates liibemata I am unable 
to state for certain whether U, labiatus is given to 
this practice or not, but I imagine he is an 
exception to the rule, and does not hibernate.” It 
is likely that this difference of opinion has its 
origin in the imHial hiVjemation of the animal. 

I have referred to the bats {Chiroptera). Per- 
sonal observation leads me to give the common bat, 
or flitter-mouse {Vespertilio pipistrellus^ Fig. 1), a 
place under the present head. I have often seen 
it abroad in the .winter months. It retires to its 
hibernacahmi when the cold weather has fairly set 
in, and comes generally out in early spring. But 
even when snow is on the ground it may be seen 
skimming fleetly around its summer haunts, when- 
ever an exceptionally mild day arrives. While, 
liowever, the hibernation of the pipistrelle is thus 
broken and irregular, tliere are, no doubt, other 
species whose lethargy is unbroken from December 
till the end of Februaiy, and whose ]>roper place is 
with the forms whose* hibernation is complete. 

(c) Mammals which store for winter, but do not 
come abroad ; such as the dormouse {Myoxus ami- 
lannriiis), “ Towards the winter it >)ecomes exceed- 
ingly fat ; and having laid up a store of food, 
retii'es to its little nest, and coiling itself up into a 
ball, with the tail over the head and back, Vjecomes 
completely torpid. A mild day calls it into tran- 
sient life ; it then takes a fresh supply of food, and 
relapses into its former slumV)er ; and finally 

* SanclerBon : “ Wild Bca-ts of India ” (1S78). 

t “ Larf^e and Small Came of Kengnl 0^77?. 


awaking in spring, at which time it has lost much 
of its fat, it enters on its usual habits ” (Bell). 
To this gioup also belong the hamster (Cricetus 
vulgari8\ and some American squirrels, as 
Parry’s marmot-squirrel {Spermophilw parryi), and 
Douglass’s squirrel (Sciwus douglaseii). 

In other cases there is complete hibernation. The 
American black bear (U. ainericaiius) and the 
common brown bear {U. arctos) are both hiber- 
nates. The former inliabits the wooded districts of 
America from the Atlantic to the Pacific, and from 
Carolina to the slioi^es of the Arctic Sea. Its 
hibemaculum is a hollow, scratched out under a 
fallen tree. To this it retires at the beginning of 
winter. When the snow falls around it the warmth 
of its bi'eath makes a small oi)ening in its den, 
and by this it keeps a connection with the outer 
air. “ The Indians,” Sir John Richardson tells us, 
“ remark that a bear never retires to its den for the 
winter until it has acquired a thick coat of fat ; 
and it is remarkable that when it comes abroad in 
the spring it is equally fat, though in a few days 
thereafter it becomes veiy lean.” The habits of 
the brown bear coiTesi)ond. The American skunk 
(^jMephitis chhiga) may also be named as another of 
the Carnivora whose hibernation is complete. 

I hesitated before giving the hedgehog (Erina- 
celts e7trop(eiis) a place under this head, because, 
though it is generally named as one of the l>est 
illustmtions of hibernation, I can vouch that it 
comes abroad at night, even when snow is on the 
ground. This comparatively rare habit, however, 
seems confined to individuals, and is not character- 
istic of all the species. On the approach of winter, 
the hedgehog rolls itself up into a ball, and goes to 
sleep amongst the soft moss and the withered 
leaves it has gathered into its hole at the roots of 
trees. A favourite retreat of se\'ei*al confined in a 
walled garden was a thick l>ed of ivy at the base of 
an old yew tree. We must, however, refer to the 
rodentia for the best illustrations of the true hiber- 
nating habit. Taking the family Sciurtna, and the 
genera Arctomys^ Myoxus^ and Spermophilus^ it may 
be said that all species under the first are hibernates 
proper, and all under the other two are incomydeto 
hibemates. The non-storing and true hibernating 
s|>ecies are known sevemlly as prairie-dogs, whistlei*8, 
burrOwing-squirrels, mountain badgers and wood- 
chucks, or ground hogs. The term marmot includes 
all these. The wood-chuck, or Maryland marmot (i^rc- 
fAmiys mcwimc)may be taken as a typical hibernating 
mammal. It betakes itself to its V>urrow when the 
first fro.sts of autumn af)pear, and remains in it until 
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the grass has sprung up, and genially warm weather 
has set in. “ Its burrows,” Audubon remarks, “ are 
sometimes extended to the length of twenty or 
thirty feet from the opening ; for the fii'st three or 
four feet inclining obliquely downward, and the 
gallery being continued farther on, about on a 
level, or with a slight inclination upwaixi to its 
termination, where there is a large round cham- 
ber, to which the occupants i*etire for rest and 
security.” 

The facts stated above suggest questions pecu- 
liarly interesting and curious, yet suiTounded with 
difficulties. Is hibernation a substitute for migra- 
tion ] Is the hibernating habit limited to animals 
whose area of distribution is either Arctic, sub- 
Arctic, or low-temperate ] Is there any special signi- 
ficance, and if so, what is its import, in the facts 
recorded under sections a, 6, and c ? Do the struc- 
tural features of hibernating differ anywise from 
those of non-hibernating but closely-related mam- 
mals 1 Each of these questions admits of very wide 
and varied discussion and illustration. We may, 
however, before concluding, indicate briefly the 
bearing of recent information on them. It has been 
too hastily assumed that hibernation is nothing 
more than nature’s substitute for migi’ation. Biids, 
it is said, migrate ; mammals hibernate. But mam- 
mals migrate as well as birds, and in as true a sense. 
It is forgotten, that in some mammals the capacity 
of flight and the |X)wer of wing are as much de- 
velojied as in birds. Yet bats do not migrate. 
Again, temperature is, no doubt, a more influential 
factor in hibernation than in migration. Yet even 
here there are facts which forbid us to push this too 
far, as if it were the sole and absolute predisposing 



Fig. 2. —Head of Noctule (VespertUio noctula). 


cause. For example, even among our own bats 
there is one — the noctule ( VespertUio noctula^ Fig. 2) 
— which retii*es to its winter sleep about the end of 
Jiily or the beginning of August ; that is, before 
the commencement of the cold weather. And Hun - 


boldt has pointed out that the hedgehog-like tanrec 
{Centetes) falls into a three-months’ sleep even within 
the tropics. Thus C, ecaudatua (Fig. 3), intro- 
duced from Madagascar into the Isle of France, fell 
into the lethargic condition at Port Louis, where 
the mean temperature is 7° Fahr. above the hottest 
month in Paris. Does this point to the absentee of 
food as the predisposing cause ? We know it is so 
in the case of some amphibians, because there are 
tortoises which can remain without injtiiy for 
months enclosed, at the dry season, in parched mud. 
As regards the gradation in the hibernating habit, 
fully noticed above, it would lead us outside of the 
purpose of this paper to do more than say that 
speculative naturalists might find it to be richly 
suggestive, both from the standing-point of cuirent 
views of heredity and of the doctrine of enviix)n- 
ments. 

A good deal of attention has been given by Con- 
tinental and British observers to the structural and 
physiological relations of this habit. The alleged 
analogy between hibernation and common sleep, 
the bearing of atmospheric temperature on the tem- 
perature of the body in its lethargic state, the 
changes in the action of the respiratory and 
digestive organs, and the curious association of a 
quickened circulation with a retarded respiration, 
have all received much thoughtful considemtion. 
The results of experiment and research may be 
briefly stated : — 1. Though there are many points 
of resemblance between ordinary and liibernating 
sleep, yet the latter differs by inducing a more 
impaired state of respiration, by the augmented 
jx)wer of bearing the withdrawal of atmospheric air, 
and by the increased giving-off of heat. “Tlie 
jKjwer of supporting the absti’action of oxygen is 
l^eculiar to the hibernating state.” A bat the 
temperature of whose body was 36° Fahr. was 
immersed in water at 41°, and continued under it 
for sixteen minutes without injury. A lethargic 
hedgehog, whose temperature was 40°, was im- 
mersed in water at 42°, and continued under it for 
twenty-two and a half minutes uninjured. If the 
hedgehog were treated thus wlien in an active 
state it would be drowned in about three minutes. 
2. The temperature of tlie hibernating animal fol- 
lows the changes in the temperature of the 
atmosphere. 3. The irritability of the heart is 
augmented. This seems to explain the con- 
tinued sensibility characteristic of the hibernating 
state. 4, Hibernation differs from torpidity. The 
latter is marked by stiffened muscles, greatly re- 
tarded circulation, and by insensibility. But even 
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severe cold, and, indeed, any cause of pain, will 
rouse the hibernating aniaial ; it is not so in tor- 
pidity. 

Why, then, do some species of mammals hibernate, 
while some closely related species, within the same 
geographical area, under identical physical con- 


complete integration. Much remains to be done — 
much land to be possessed ; and what is now wanted 
is a thoroughly scientific examination, by a conijie- 
tent anatomist, of the structural differences during 
winter, if any, among the forms named under a, 6, 
and c. Hitherto, observers have dwelt too much 



3. — Thk Taitrlc (Centetes ecaiidtiUut) , 


ditions, and substantially living on the same kind 
of food, do not hibernate 1 It must be owned, even 
in \iew of the facts and inferences which crowd 
this paper, that a perfectly satisfactory answer to 
this question cannot yet be given. The subject has 
long had the attention of naturalists. Many facts 
have accumulated, but not so many as to warrant a 


oil what {a priori) they think ouglit to be. Tliey 
have not stated clearly and definitely what the 
facts of the case actually are. Original observei’s 
will find the field one of rich promise. The 
history of few British hibernating animals is 
exactly known : that of the siKJcies living in 
other countries is still moi*e obscure. 


HOW WAVES or LIGHT ARE MEASURED. 

By pKOFESBoa Josiah P. Cooke, LL.D., 

Eavard Vnivertrity, HosMcHusetts. 

F ew persons have an adequate conception of length of the foot, the length of tlie arm, or the 
magnitudes whicli greatly differ from the length of the pace in walking; and when the 

dimensions of their own bodies. Indeed, the earliest necessities of civilisation demanded more constant 
and the natural measures of length — from which all and exact measures than such variable standards, a 
other measures of magnitude are derived — were the rod , of wood or metal was taken corresponding to 
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the dimensions of these natui’aJ meHsui*es, and 
arbitrarily declared to be the legal standard. Our 
English yard is said to be the length of the ann of 
King Henry 1., and with all the attempts which 
modern science has made to discover an invariable 
natural standard, we still use the same pidmitive 
measures, only defining them more j)recisely. The 
standard yard is simply the distance, measured at 
a definite temperature, between two points on a 
definite rod, and on the careful preservation of this 
rod and of its copies, the integrity of our system of 
measures depends ; and if this rod with all the 
trustworthy coi)ies were destroyed, it would be 
imj)ossible to restore the standard with the degree 
of accunicy required in the scientific investigations 
of the present day. 

With the standards in ordinary use, both of 
measure and of weight, we acquire by long ex- 
j)erience tolerably clear conceptions, but with most 
j)ersons these conceptions are of very slow gi’owth, 
and are extended with difficulty. Hence the 
opposition to the general adoption of the French 
metrical system, in sjute of its obvious advantages. 
We have learnt what a yard is, what an inch is, 
and what a pound is, and these words convey to us 
definite conceptions ; but it must take a long time 
even for ediicated people to acquire the same clear 
idea of a metre, a centimetre, or a gramme. The 
same is true when we attempt to multiply or sub- 
divide our familiar standards beyond a very limited 
extent. An engineer, or the general of an army, 
will estimate the distances around a commanding 
position with a great degi*ee of accuracy ; but to 
most persons a mile means no more than a fifteen 
minutes’ walk ; that is, we conceive of it only 
through its relations to some other quantity. 
Much more is this the case when on studying 
astronomy we learn that the sun is ninety-two 
million miles from the earth. Tliis statement con- 
veys to the average mind no conception whatever 
except a confused impression of immensity, and if 
we attempt to assist the imagination by adding, 
tliat it would require a railroad-train, travelling 
thirty miles an hour, 350 years to cross this space, 
we sirnjdy appeal from an absolute to a relative 
measure. This is a perfectly legitimate method, 
and one which we constantly use l)oth in investiga- 
ting and in teaching science. By using one standard 
of relative measure after another, we are able to 
lead the mind farther and farther on until it is 
able to reach the sublimest truths of science. In 
astmnomy, the velocity of light helps ns to grasp 
tl\e enormous distances with which it deals. 


Master Michelson, of the United States Navy, 
has remeasured the velocity of light with such 
improved instruments, that great as the velocity is, 
186,380 miles per second, he feels confident of his 
result within fifty miles. Without taking the 
successive steps by which the I'esult has been 
reached, no one can form an adequate conception of 
such a velocity ; but having i*eached it, we have 
at once a measure by which we may gain some idea 
of the vastness of the universe of matter. Com- 
pared with this measure, the dimensions of the 
earth itself are insignificant, for a velocity like that 
of light is capable of girdling the earth’s equator 
nearly eight times in a single second, and light 
actually crosses those ninety-two millions of miles 
between the earth and the sun in eight minutes 
and fourteen seconds, or starting from the sun on 
its journey to the fixed stars, it leaves the whole 
solar system behind in four hours and eight minutes. 
But the swift messenger has then just started on 
his journey, and when we learn that it will require 
three and a half years to reach Alpita Centnuriy 
our neai*est neighbour among the suns of si)ace, the 
imagination begins to mount ; and when we strain 
our eyes through the telescoi)e to distinguish points 
of light in the haze of the Milky Way, and cannot 
resist the conclusion that these luminous points are 
suns on the opposite borders of a cosrnical ling, 
like that of Saturn, and that so vast are the 
dimensions of this ring that the light by which 
we glimpse those points started on its way before 
the opening of human history, we may, while we 
are awed by the j)resence of the infinite, find 
aspii-ation and hope in thoughts wliich can compass 
such bounds. 

But why dwell on facts apj)arently so remote 
from the subject-matter of this paper ? Simply 
because the magnitudes with which we are to deal 
are as far removed from our ordinary experience 
on the one side as are the magnitudes of astronomy 
on the other, and the truths we have to prc^scuit 
will not be gittsped unless the mind is pre])ared to 
receive them. The poi)uhir mind accepts the grand 
conceptions of astronomy because it has been edu- 
cated in those ideas ; but when told that a lump of 
sugar is a universe of moving worlds it ridicuh;s 
what apj)ear8 to it as the wildest speculation ; and 
yet the latter conception is as legitimate a deduc- 
tion of science as are the former. The certitude 
may not V>e as gi-eat in both cases, but the con- 
clusions are equally sober scientific deductions from 
observ(Kl phenomena. And when we reflect upon 
it, why should we not exi)ect to find a universe 
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below us as well as a universe above usl Is it 
probable that a creature capable of studying the 
cosmos should have been placed on its extreme 
border 1 Certainly there is no inherent absurdity 
ill the conception of molecular magnitudes, and if, 
instead of bewildering the mind with vast incon- 
ceivable numbers, we seek to lead the imagination 
by such aids as we used in astronomy, we shall gain 
the assurance that we are able to weigh molecular 
masses and measure molecular spaces with as much 
accuracy as the distances of the fixed stars. 

That same swift messenger, light, whose constant 
rate of motion gives us a measure of the vast 
celestial spaces, serves also — most wonderfully — to 
measure the magnitudes of the molecules. Along 
the lines of motion, which radiate in all dii’ections 
from every luminous source, light is transmitted 
by very rapidly-succeeding tremors, or vibrations, 
at right angles to the direction of the motion, and 
any single line of transmission takes the form of a 
water-wave. Let a b (Fig. 1) represent such a 
line, then the distance a b between two succeeding 
crests, or the distance a* b* between two succeeding 
troughs, or in general the distance lietween any 
two succeeding particles, as a!’ in the same 
phase of their motion, is called a wave-length. 
Such a line of motion as this constitutes a ray * of 
light, and while the luminous energy is transmitted 
from one particle to another along the line — just as 
in a familiar experiment mechanical energy is 
transmitter! along a line of suspended ivory balls — 
the particles themselves only oscillate backwards 
and forwards across the line of transmission, and 
the distance between any two succeeding particles 
in the same phase of this oscillatory motion, and 
which, therefore, are moving precisely together, as 
it were, neck and neck, is a wave-length, as just 
defined. Now, while the tremor, which constitutes 
the luminous energy, is transmitted along the line 
of the ray with the velocity of 186,000 miles a 
second, the amplitude of the oscillations themselves 



Fi^. 1. - Diagram t')c T.'ausmissloii of LigLt iu 

Wave-motions. 


is exceedingly small, and tlie waves are, on an 
average, only about one fifty- thousandth of an 
inch in length. 

We say on the average, because within certain 
limits the wave-lengths are variable. On any one 
line of motion the waves have absolutely the same 
* See also “Science for All,” Vol, I., p. 3(53. 


length, and this length never alters, however far 
the light travels on that path. But radiating fix)m 
the same luminous source, and closely associated 
with this line of motion (which we have isolated 
in imagination for the pui'pose of illustration), there 
are an infinite number of similar lines on which 
the waves may have every possible gradation of 
length between the limits just referred to, and this 
difference of wave-length causes the effects of colour. 

In thinking about this subject it is essential to 
keep clearly in view the distinction between the 
transmission of luminous energy along a ray of 
light, and the tremors or oscillations which are thus 
transmitted. The waves which these tremors form, 
differ, as we have just seen, in length, but whatever 
their length, they are transmitted along the line of 
motion with the same invariable velocity of one 
hundred and eighty-six thousand miles a second. 
Hence it is that the shorter the waves, the greater is 



Fig. 2. ^Experiment of producing a Light which emits Bays of 
only one colour. 

the number of them that break on the retina of the 
eye in a second, and, so far as we have lieen able to 
analyse the ])henomena, it is the frequency of these 
impulses wliich determines the sensation of colour. 

It is easy by chemical means to produce a 
light which emits mys of only one colour (Fig. 2). 
If, for example, we melt a few grains of com- 
mon salt to a bead on a loop of platinum wire, 
and hold the bead in the non-luminous flame of a 
Bunsen gas lamp, the vapour of the salt made 
incandescent by the flame gives out a pure yellow 
light. A salt of lithium treated in the same way 
yields a pure red light, and a salt of thallium a 
pure green light. Of such a light (monochromatic, 
as we call it) all the rays have the same wave 
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length, and such rays represent the simplest 
form of luminous energy. The quality of such a 
light cannot be altered by coloured objects or 
coloured media of any kind, and all bodies seen 
by it have uniformly its peculiar colour, varying 
only in brightness in pro|)ortion as they reflect or 
absorb the monochromatic rays. The light fi’om a 
luminous gas flame, on the other hand, contains not 
only the same red, yellow, and green mys emitted 
by the artifleial sources just mentioned, but also 
rays capable of producing an infinite number of 
other tints, and the confused sensation, which the 

combined impression pro- 

duces, is what we call 
white light The colour- ■ 
giving power of such light » 
is due to the fact that it 
contains within itself all 
the colour-giving raya 
The leaf looks green, 
because it absorbs the dif- 


sticks of a fan, thus producing a phenomenon called 
the solar spectrum. The best way of exhibiting 
this effect is illustmted by Fig. 3. By means of a 
lantern the narrow slit b is brilliantly illuminated 
at first, let us assume, with monochromatic light 
The lens d, placed opposite to this slit, forms an 
image of the slit on the op]:) 08 ite screen. If now 
we place a ])rism E in the {>ath of the light, and in 
the {)osition shown in the figure, the beam is bent, 
and the image is thrown to the right as we face the 
screen. If we pass the beam through a second 
prism (e') it is bent still more, and the image of the 


, i if 



ferent-coloured rays of the 
sunlight unequally, so that 
the reflected beam has 
an excess of green rays, 
and the coloured beams 
that filter through the 
painted windows of a 
church consist of the rays 
left after the pigments in 
the glass have exerted their 
selective absorption on 
the white light that falls 
on the outside. Natural 
colours, it must be remem- 
bered, are the result of 
the blending of many sim- 
ple tints, and therefore 
differ essentially from the 
colour of monochromatic 



light. Ihe eye, ho^\ e\ ei , 3 — Illu«traling the production of a Priamatic Spectrum, 

has not in all cases the 


power of distinguishing between a simple and a 
compound colour, and we must not confound the 
two effects, because the impression produced on the 
eye is the same. A monochromatic light can 
always be recognised by the dead uniformity of 
colour to which it reduces everything it illuminates. 
It can also be recognised in another way. 

It is well-known that, while a glass prism bends 
a beam of light from its rectilinear path, it bends 
the different-coloured rays to a slightly different 
extent, sufficiently to spread them out like the 


slit is further displaced to the right, and by adding 
prism after j)rism we can readily bend the lights 
around a complete circle, as shown in Fig. 4. The 
amount of bending by each prism depends on the 
refracting power of the glass, on the front angle of 
the prism (the refracting angle as it is called), and 
also on the position of ihe prism with reference 
to the beam. When the prism is so placed that the 
beam enters and leaves it at the same angle, the 
rays are l>ent the least, and this, which is called 
the position of minimum deviation, gives the 
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best effects. The amount of bending also dejiends 
in part on the quality of the light, and if the 
three kinds of inonocliromatic lights described 
alK)ve are used in succession, it will be found that 
the red rays are l>eut the least, the gi'een rays the 
most, and the yellow to an intermediate extent. 
With each we shall obtain an image of the slit, but 
in a somewhat different position on the screen, and 
if, as we leadily can, we illuminate the slit with 



Fior. 4.— Bending Light around in a complete Circle. 


the three coloui’ed lights at once, we shall see on 
the screen the three images at the same time, all 
parallel to each other, and each in tlie same }K)sition 
that it held when alone. If now wo use a brilliant 
white light, that of an electrical lamp, for example, 
we shall have not only three, but an infinite num- 
ber of such images 


light in front shines directly into the lower half. 
In this way the spectra formed by two sources 
of light may be superim|)osed and compaitd. 
The optical combination is such that if the tele- 
scope is ])laced opposite to, and in line with, the 
collimator, we shall see, on looking in at the eye- 
glass, a distinct image of the slit. If now we 
interi)ose l)e.tween the two a series of prisms, and 
place the tc^lescope in such a position as to receive 
the bent rays, we shall still see a single image 
whenever the slit is illuminated by mono- 
chromatic light, or several images, side by side, 
if the slit is illuminated by several mono- 
chromatic lights at once, and, when the slit is 
illuminated by white light, the spectrum band 
just described. A spectrometer diffei*s from 
a sjiectroscope only in this, that the plate 
around which the tele8COi>e moves is accurately 
divided with degrees and provided with such adjust- 
ments, that, after the prisms have been placed at the 
angle of minimum deviation, the angle between the in- 
cident and refi‘acted rays can be accurately measured. 

As has l>een shown, the band of blending colour 
we call the spectrum is made up of an infinite 
numl)er of definite images of an illuminated slit, 
placed side by side and overlapping each otlier. 
Each of these images is formed by monochromatic 
niys, and corresi>ond8 to the definite wave-lengths of 
the luminous [mlsations which travel along the lines 
of tliese rays. In the unbi'oken spectrum obtained 
with the light from a gas-lamp, or an electric light, 
there is nothing to mark the position of the several 
images of which the sj)ectrum is made up. But 


overlapping each 
other, forming that 
band of blending 
colours represented 
by the solar sjioctrum. 

A class of instru- 
ments called sj>ecti-o- 
scopes, or sj)ectiometers, gives to the single observer 
a far more convenient and more delicate mode of 
viewing these beautiful phenomena. In these instru- 
ments one of the tubes is a simple telescope, such as 
is used for viewing distant objects. The other tube 
is called the collimator, and has at one end an 
object glass just like that of the telescope, while at 
the other end a slit (which may he broadened or 
narrowed by a screw) is placed exactly at the 
principal focus of the object lens. By means of a 
small prism, light from one side may be reflected 
through the upper half of the slit, while a 



Fig. 5.— Rutherford’s Photograph of the Blue Portion of the Spectnnn. 

the solar s[)ectrum is crossed by a vast multitude 
of dark lines, which mark these positions with 
great definiteness. An idea may be formed of the 
great multitude of these lines from Fig. 5, which 
is a copy of a photograph of the blue poition of 
the spectrum made by Mr. Lewis M. Rutherford, 
of New York. These lines were first mapped by 
Fraunhofer, of Munich (in 1814 and 1815), and he 
designated the more prominent of them by the 
lettei*R of the ali)hal)et. It is not our province 
to discuss the significance of the dai k lines of the 
solar sjKictrum, or the wonderful conclusions to 
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'which the study of this subject has led. They are 
important in this connection only as marking the 
position of certain definite images of the slit, which 
correspond to definite monochromatic rays, and 
therefore to definite wave-lengths. In the follow- 
ing table we give the wave-lengths corresj)onding 
to the most prominent dark lines in each of the 
seven colours of the spectrum usually distinguished. 


Dimensions of Light-Waves, 


Colours. 

Bay. 

Number of waves 

Red 

A 

33,417 

Orange 

C 

38,708 

Yellow 


43,131 

Green 

E 

48,20.1 

Blue 

F 

52,255 

Indigo 

G 

68,971 

Violet 

Hr 

64,011 


There is no reason for specialising the mono- 
chromatic rays which we have selected in this table 
as illustrations of the dimensions of luminous 
waves, except that their absence is so definitely 
marked in the solar spectrum. The wave-lengths 
corresponding to many hundreds of the other dark 
lines have been measured with ec^ual accuracy, and 
there is every possible gi’adation between the ex- 
tremes. We recognise no inherent difference 
between rays of different colours, except that of 
wave-length, and the difference of wave-length be- 
tween two red rays may be as great as between a 
red ray and a yellow ray. Colour is a j)urely sub- 
jective phenomenon depending on the reflations of 
light to our own organism ; and although we have 
collected a large number of facts in regard to the 
subject, we are still at loss to account for those 
qualities of colour which we distinguish by the' 
familiar names, red, omnge, yellow, green, blue, 
indigo, and violet. These were the divisions of the 
spectrum mai’ked out by Newton,* but there is a 
gradual blending as we pass from one end to the 
other, and it is doubtful, at least, whether all the 
seven names represent essentially distinct qualities. 
We do know, however, that there are as many 
gradations of monochromatic rays as there are 
gradations of tints on the line of the spectrum, and 
that these tints are simple and unchangeable. 
Still, as we have said, the same luminous impres- 
sion may be produced by a compound colour as 
by one of these simple tints. 

If with a graduated scale before you, on which 
an inch is divided into one hundi'ed paiiis, you 
strive to realise how small a distance the one five- 
hundredth of one of these minute divisions must 
be, you will begin to appreciate the delicacy of the 
* SeealfK) ''Iridesoent Glass Science for All,” Vol. I., p. 3C4. 
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measures which are recorded in our table. When 
first presented to those unfamiliar with the subject, 
these values almost always a})pear unreal, if not 
absurd, and it is therefore impoi’tant to desciibe 
briefly how these minute distances are measured, in 
order that the reader may see that they are 
legitimate results of science, and be willing to accept 
tliem as a basis for the ai)proximate measurement of 
still smaller magnitudes ; for in the same way that 
the velocity of light gives us a standard for estimat- 
ing the stellar distances, so these wave-lengths will 
help us to estimate molecular magnitudes. 

In measuring wave-lengths, we use a scale ruled 
on glass, or on a polished j)late of speculum metal 
and such perfection has been obtained in the con- 
struction of dividing engines for ruling these scales, 
that it is jx)ssible to rule lines on a plate of glass 
so close together that the bands of fine lines 
thus obtained cannot be resolved even by the 
most powerful mi- 
cioscope. Nobei*t, 
a German opti- 
cian, ruled bands 
containing about 

224.000 lines to 
an inch, and he 
regularly made 
plates with bands 
consisting of from 
about 1 1 ,000 to 

112.000 lines to 
the inch. These 
bands are num- 
bered from the 
first to the nineteenth, and are used for micixjscopic 
test. The appearance of the nineteenth band, as 
photographed with one of Tolliss objectives, is 
shown in Fig. 6. 

For measuring wave-lengths we do not require a 
scale ruled as closely as this, but we do require 
that it should be ruled with i^erfect accuracy, so 
that the spaces between the divisions should all be 
equal within a very small fraction of each single 
subdivision. This important condition fulfilled, the 
closer the lines are together the better. Mr. Ruther- 
ford has devised, and had constimcted, a dividing- 
en<rine which rules about seventeen thousand lines 
to the inch with wonderful uniformity and equality 
of spacing. With this machine his assistant regularly 
loiles on prepared jfiates of metal or glass, lines of the 
fineness and unifonnity we have named, which are 
two inches long, and cover a space two inches wide. 

Knowing, now, the value of our scale — that is, 



Fig. 6.— The Nineteenth Band of one of 
Nobort's Flutes. 
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the distance apart of the equal divisions — ^we are 
evidently prepared to measure the minutest objects 
which can l)e seen with a microscope ; but how can 
we ai>ply this scale to such an intangible and 
invisible magnitude as a wave of light 1 A feature 
of light, characteristic of wave-motion, gives u*: at 
once tlie mcians. Every one is familiar with the 
fact that if two waves of water meet, so that the 
ci’est of one coincides with the crest of the other, 
the energy of one is added to the energy of the 
other, and a wave of greatly increased dimen- 
sions rolls forward. But if the crest of one 
falls over the ti’ough of the other, the two sets of 
waves, if of equal magnitude, neutralise each other, 
and the motion stops then and there. A similar 
I’esult is caused by the concurrence, under certain 
conditions, of waves of light, and the effects thus 
resulting are well known in optics under the name 
of “interference phenomena.” The fringes (con- 
sisting of alternate dark and light bands) which are 
seen when a bnlliant monochromatic light is viewed 
through a naiTow crack close to the eye, is one of 
the simplest exami)les of this class of phenomena. 
The light bands are formed by the interference of 
rays coming from the same source, but follow- 
ing slightly different paths, so that one gains 
on the other a whole, or some multiple of 
a whole wave-length ; while the dark bands 
are formed by the interference of waves whose 
paths differ from each other by a half- wave- 
length, or some odd multiple of a half- wave-length. 
In the first case? evidently a crest falls ov(t a crest, 
and enhancers the luminous effect, while in the last 
case the crest of one line of waves meets the de])res- 
sion of another, and the light-giving ])Ower of 
both coiiu^s to an end. 

In th(j interf(T(;nce ])h(moniena we have referred 
to, we noticci a succession of several alternate light 
and dark bands, which we designate as the first, 
second, and third, counting from the medium line, 
which is usually very [irominent ; and if our in- 
ference in regard to tluj cause of the })henomena is 
correct, it is obvious that the first bright band cor- 
responds to a difference of jiath of one wave-length 
of the monochromatic liglit we are using ; and it 
is further evident that if we can measure this 
difference of path we have at once the length of a 
wave of this particular light. Now, the scale we 
have described enables us to measure the difference 
of path in the following remarkable way. 

We place the ruled plate o (Fig. 7) at the 
centre of the graduated circle of the spectrometer, 
with the ruled surface opjiosite to the object-glass 


of the collimator, c, and adjust the instrument so 
that while the plate is at right angles to the axis of 
the collimator the rulings are perpendicular to the 
graduated circle, and also parallel to the slit of the 
collimator. Assuming now that the slit is illumi- 
nated by monochromatic light — that of a lithium 
flame, for example — we shall find, on bringing 
the telescope into the position T,.0, so that it 
makes (with the collimator) a definite angle TpOO 
measured on the graduated arc, that we see a 
distinct image of the slit. If next we mo^'e the 
telescope to the right, we sliall find a second image 
of the slit at the j)osition T,^0, and a tliird in the 
position Tf/zO, and in like manner a fourth, a fifth, 



Pig, 7._I)iagrain illustrating Method of calculating Wave-lengths. 


&c., as we move farther round ; but each successive 
image appears fainter than the last, until no longer 
distinguishable. If, now, we swing the telescope 
round on to the other side of the collimator, we 
shall find the name images repeated in the positions 
T]0, T,.0, Ti/.0, <tc., positions which subt^aid with 
OG the same angles as before ; and the angle of 
the telescope in each of these ix)sitions with the 
collimator can be most accurately found by measur- 
ing the angle between the two corresj>onding 
positions on opposite sides — for example, T^ O Tj 
and halving it. Having measured these angles, 
and knowing the value of our ruled scale, we have 
all the data required for calculating the wave- 
length of the lithium light we are using. 

After what has been said it will be obvious that 
we are here dealing with an interference phenome- 
non similar to those just mentioned, and that the 
positions of the images of the slit are those in 
which rays meet, wliose differences of path are 
equal to one, two, threci, and four wave-lengths 
respectively. The rays emanating from each point 
of the slit are rendered parallel by the lens of the 
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collimator, and strike the ruled surface under the 
same relations, and are reflected or dispersed by 
the zig-zag surface laterally in all directions, and 
the directions in which the images of the slit are 
seen are those in which the beam consists of rays 
reflected from corresponding points in the several 
grooves, so that the diflference of path of each 
neighbouring pair is one, two, or more wave-lengths, 
as the case may be, and, as we should anticipate, 
the interference of the rays, unchir these cii- 
cumstances, increases the luminous effect. In the 
simpler phases of the interference of light the 
bright bands gradually fade into the neighbouring 
dark bands ; that is, between the positions of 
brightest and least illumination there are points of 
parfial interference, and therefore of partial obscura- 
tion, but the peculiarity of the phenomenon here 
exhibited is, that all the light is concentrated in 
a few images, all the rays which are reflected 
in other directions mutually destroying each other. 
This striking peculiarity can be shown to result 
from the great number of grooves ruled on our 
plate ; but it would require a very long digression 
from the main line of our argument to make this 
point clear, and the reader who is suflieiently inter- 
ested to search out the whole matter will find the 
subject fully explained in works on the higher optics. 

Dwelliiig now solely on the fact that the direc- 
tions we have j)oiiited out correspond to a difierence 
of path of one, two, or more wave-lengths respec- 
tively, let us see how we can deduce the value of 
the wavej-lengths from the data we have observed. 

In Fig. 8 let O and O' be con’esponding points 
in two adjacent grooves of our ruled plate, which' 

0 o' distant from 

j\ each other bv a 

j \ ; \ known fraction, 

1 I \ say the one-seven- 

I \ I \ teen - thousandth 

j \ I \ of an inch. Let 

I \ i \ CO and C'O' be 
I \ I \ parallel rays from 

i \ i \ a given point of 

i \ i \ the slit which 

i \i \ strikes at O and 

j O' under precisely 

I i \ the same condi- 

; I 

O O' tions. These rays 

Fig. 8.— The MMe of Deducing the Value are reflected,form- 
of Wuve-lengths. ’ 

ing OT and OT', 
which, as we will assume, are rays of the beam that 
fonn the first image of ^he* slit. The angle TOC or 
T'O'O' has been measured/ for it is the- same as the 


angle TfOC, or one-half the angle TrOT, of Fig. 7. 
These data given, it is obvious that tlie reflected 
rays OT and OT' — which coalesce, so far as the eye 
can distinguish — must have the difference of path 
OP, and the same will be true of every other pair 
of rays reflected under like conditions. Further, 
PO, according to our assumption, is the length of a 
wave of the monochromatic light we are using, and 
since in the right-angled triangle POO' we have 
given the side 00 ' and the angle OO'P, or its equal 
TOC, we can easily ciilculate OP, the wave-length, 
for according to trigonometry 

OP = 00' sin OO P = 00' sin TOC, 
or representing, as usual, the wave-length OP by a, 
and the width of the divisions of our plate 00 ' by 
b, and the measured angle by we can write the 
formula for calculating wave-lengths — 

A = b sin 5^ =r J b sin Sj, = ^ b sin Sg = <kc. 

In the second and third terms So ^3 stand for 
the angles subtended by the second and third 
images. In these cases OP is equal to two or three 
wave-lengths, that is OP = 2a, or OP = 3a, and 
the values given are at once deduced. Thus by 
measuring the different angles we can calculate the 
same wave-length from as many different data, and 
the fact that the several results thus obtained never 
differ from each other more than can be accounted 
for by the errors of observation or of eonstiuction, 
is a strong confirmation of the correctness of the 
theory on which our measurement rests. 

It may be noticed, lest tlie obvious inference 
should not be drawn, that if instead of using 
the lithium light in our experiment we used 
other monochromatic lights, we should see the 
imag(js of the slit in difl'ereiit positions, depending 
on the (liffenuit wave lei igtlis, and if we 'laod white 
light we should liav(^ at once the images corresDond- 
ing to all the }>ossible wave-lengths ; that is, we 
should have a continuous spt^ctrum, and as we 
moved the telesco])e around tlit^ graduated arc we 
should see one spectrum aftt*r another, correspond- 
ing to the successive moiiv:)cliromatic images ; hut 
like the monochromatic imagers, these spectra 
rapidly grow fainter, and those of the higher 
orders, as they are called, oveilap each other. 
Tliese ruled plates give us, therefore, another 
means of producing a luminous spectrum, and the 
plates have the advantage of the prism in that the 
several colours of the spectia produced by them are 
distiibuted in proportion to the wave-lengths of the 
corresponding rays^ which is far from being the 
case in the spectra fonned with prisms. ' 
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A MANURE HEAP. 

By David Houston, F.L.S., 

Lecturer on the Pyincipleeo/ Agriculture, Birkbeck Institution. 


I T has been explained in previous papei's’*^ how 
living plants remove certain constituents of air 
and soil to enable them under the influence of sun- 
light to manufacture different organic com|X)unds, 
as materials for the construction of various tissues 
which build up the plaiit^s body. The plant, it 
will be remembered, can only make use of those 
materials in the soil which exist there in a 
soluble state, and although these substances are 
present in very small comparative proportions, 
yet under natiiml conditions no difficulties are 
experienced by successive generations of plants 
in obtaining sufficient mineral food for all physio- 
logical pur})Oses, as when one generation dies it 
decays on the spot where it has just ceased to live, 
and slowly returns to the soil the very selfsame 
inorganic ingredients which were removed from it 
during the period of growth. In the practice of 
agriculture, however, the farmer removes most of 
his crops from the soil, and thus robs the land of 
much of its valuable plant food ; indeed, as is well 
known, he may render his land absolutely barren 
by continuing to grow and remove successive 
crops of the same kind, unless he gives back to the 
soil similar chemical substances as the particular 
crop he has grown has removed. One of the 
jmrposes for wliich tJie croj) is carried away from 
the soil is to feed the farm stock, as the business 
of a farmer is not only to ])rodiice grain and roots, 
but flesli and animal fat as well. Much of the 
vegetable matter eaten by animals is rendered 
soluble by tlie special actions it is subjected to in 
the digestive organs; it is then absorbed and used 
for the purposes of building up the various tissues 
of the animal body, and maintaining the necessary 
degree of bodily heat ; but insoluble portions 
which have resisted absorption are subsequently 
rejected as useless or excrementitious matter. A 
living animal, too, is constantly suffering loss of 
muscle, nerve, and other tissue, and these waste 
matei*ials in all healthy individuals rapidly undergo 
important chemical changes in the body, so as to 
reduce them to a state in which they may be easily 
expelled by the lungs or removed in solution in 
water by the kidneys. 

Bearing in mind these facts, it will be readily 
• “ Science for All,” Vol. I., pp. 19, 96, 294, 


seen that the bodies of plants and the various 
excrementitious matters of animals, contain the 
identical chemical elements, the removal of which 
from the soil caused its partial or complete exhaus- 
tion ; and it will be further seen, that farmyard 
manure, consisting as it principally does, of organic 
matter derived from plants and animals, composed 
mainly of straw and other litter intermixed with 
solid and liquid animal excrements, contains all the 
valuable fertilising materials the addition of which 
to an exhausted soil fully restores to it its oiiginal 
fertility and power to produce good farm crops. 

It now seems necessary to inquire as to what 
all these different indispensable materials are, that 
must be ever present in sufficient abundance, and 
in an available form, in all fertile soils. This 
knowledge may be gained in several ways; but a 
complete analysis of the plant will perhaps best 
show what elements are required for the proper 
construction of its tissues, and the continuance of a 
healthy growth. Plants, like all other organised 
beings, are, of course, more or less satumted with 
water (OHg). If removed from the soil and dried 
at a temperature of 100° C. (212’ F.), they suffer 
material loss, herbaceous plants generally losing 
from sixty to eighty per cent, of their weight. The 
bulk of the dry solid matter that remains, consists 
of oj’ganic substances of rather complex cliemical 
composition. Giving the elements merely, the 
cellulose, woody fibre, starch, sugar, fats, and oils, 
are composed of carbon, oxygen, and hydrogen, 
while protoplasm and the albuminoids (fibrine, 
legumin, &c.) are made up of these three elements 
with nitrogen and sulphur in addition. If the dry, 
solid matter be now completely burned, this organic 
matter will be resolved into volatile products — 
principally “ carbonic acid gas or carbon dioxide 
(COj), water and ammonia (NHg) — leaving a white 
powdery ash or non-volatile residuum of mineral 
matter. There are certain constant elenientaiy 
ingi’edients in all plant ash, although the respective 
amounts of each ingredient vary in different plants, 
and even in different parts of the same plant. 
There are other elements which are only required 
by particular plants, or have accidentally found 
their way into the plant. The elements potassium, 
calcium, magnesium, iron, phosphorus, sulphur, and 
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chlorine are absolutely essential for plant nutrition, 
and are therefore constant ash constituents. It 
appears that in addition to giving a cei*tain 
stability to the plant’s body, these essential 
mineral substances |)erform individually sevei-al 
important physiological functions in the vegetal 
economy. For example, unless iron is present it 
seems that no chlorophyll or green colouring matter 
can be formed ; but even in presence of iron, yet in 
the absence of potassium, no manufacture of starch 
can take place, while phosphorus, it is said, is in 
some way or other associated with the albuminoids. 
In addition to these, which are so essential, other 
elements, such as sodium, lithium, manganese, 
silicon, iodine, and bromine, and in rare cases 
copper, zinc, cobalt, nickel, strontium, and barium 
are found in the plant ash. The following table 
will show the comparative compositions of three 
common agricultural jilants : — 


Water in 100 parts . 

Wheat-Straw. 

. 1423 

Turnips. 

90-43 

Clover. 

80*64 

Albuminoids „ 

. 1-79 

1-14 

360 

Starch, &c. „ 

. 31-06 

6-45 1 


Woody fibre „ 

. 4o-4.) 

2-34 ) 

13*79 

Mineral matter (ash) . 

. 7-47 

•62 

1-97 


The elements carbon, hydrogen, and oxygen are 
plentifully supplied to the plant; the first, making 
up quite half its dry weight, being derived from 
the carbon dioxide of the air, and therefore inex- 
haustible in supply, the two latter being, princi- 
pally at least, derived from water. Nitrogen and 
sulphur, the two remaining constituents of the 
organic matter, are obtained from the soil ; nitrates 
and compounds of ammonia supplying the nitrogen; 
and soluble sulphates suj)plying the sulphur. 

Turning now to the non-volatile, or ash con- 
stituents, all of which are of course derived from 
the soil, we find that these in all cases exist in 
chemical combination with other elements forming 
soluble or insoluble inorganic salts. These sub- 
stances, generally by simple diffusion only, are 
absorbed by the plant in solution in water ; 
sometimes, perhaps, in j)articular cases, they may 
be slightly dissolved by the organic acids contained 
in the cells of the roots, and then absorbed as 
organic salts, whilst, probably, in other cases they 
may owe theii* entrance to the very intimate 
connection existing between the particles of the 
soil and the multitudes of absorbing hairs of the 
root. The accompanying illustration (Fig. 1) will 
show how tenaciously the particles of soil cling to 
the root-haii*s, even after the earth has been 
allowed to dry, and the young plant then roughly 


shaken. Potassium, present jrerhaps to the extetit 
of almost three per cent, of potash, in rich, loamy 
soils, may be absorbed in the fonn of potassic 
chloride, nitrate, or sulphate — compounds, one 
or other or all of which have been found in 



Fig. l.—Young Turnip Plant 9 Hays since date of Sowing, showing 
how the Root-hairs are closely covered with tirmly-adhei'iug 
Particles of Earth. (Enlargi d about 24 tim.«8.) 


samples of fertile soils. Calcium exists in the 
soil as chalk, gypsum, and phosphate of lime — 
substances which, although almost insoluble (es- 
pecially the first and last) in pure water, are 
readily dissolved in water containing carbon 
dioxide in solution. Magnesium is probably 
either supjJied from the sulphate of magnesia 
(better known as Epsom salts), or magnesium 
cai’bonate (magnesia alba of the shops). The 
average proportion of this element in loams is 
about one per cent, of its oxide, magnesia. The 
hardness of water, it will be remembered (VoL II., 
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p. 70), is due to the presence of some comix)und 
or comjwunds of calcium or magnesium. Iron is 
generally abundant in soils in the form of oxides, 
the proportion being often as much as five or six 
per cent. Phosphonis — present as phosphates of 
aluminum, iron, and calcium — exists in very small 
proportions even in good soils, *2 per cent, of total 
phosphates being perhaps a fair average. 

We have now seen that, exce 2 )ting carbon, 
hydrogen, and oxygen, the i^lant is dependent 
upon the soil for all its other food constituents; 
hence the great importance of having suitable soils 
for the growth of ciilti\^ated croj)S. 

Although the percentage of ash is very small, 
yet the total amount of mineral matter annually 
removed by growing crops is somewhat consider- 
able, when we remember that plants require the 
compounds containing these elements presented to 
them in a soluble form, and also bear in mind 
that the i)ei*centago of soluble matter is veiy 
small even in a most fertile soil. Tliere are 
recorded analyses giving the percentage of sub- 
stances soluble in water as *2319 in one case of a 
good soil, and *1191 in another case; that is to say, 
about three tons per acre of a depth of ten inches, 
reckoned as an average depth for roots. This 
weight represents the total amount of food existing 
in a state tit to be taken up at any given time by 
plants. There are substances similar to these 
already available materials existing in soils which, 
although not yet quite in a soluble condition, will 
slowly become so under the weathering influences 
of the air and other natural forces. These latent 
plant-food materials, or substances soluble in weak 
acids, exist in percentages varying in fertile soils 
from C to 8. A crop of wheat, according to 
Playfair, will remove 175 lbs. of mineral matter 
from an acre of land, while a crop of turnips will 
remove 640 lbs. from tlie same area. This will 
exi>hiin the exhausting influence of all growing 
crops. Further, as has been already stated, 
diffei*ent crops do not remove equivalent amounts 
of the same substances. While wheat, in the 
above examj>le, removes as much potassium as is 
represented by 25 lbs. of potash, and as much 
phosphoi-us as is represented by 20 lbs. of phos- 
phoric acid, turnips will remove 200 lbs. of potash 
and about 59 lbs. of phosphoric acid. All the 
substances stated to be essential for plant growth 
must be present in the soil, not only in a perfectly 
soluble condition, but each constituent must exist 
there in sufficient quantity for the full develop- 
ment of the plant : the absence of one* or even 


the mere paucity of one, is a sufficient cause for 
barrenness. 

It is from plants, of course, that all farm stock 
derive their food. A chemical analysis of a hoi'se, 
cow, sheep, or pig will give a result strikingly 
similar to that of a wheat, turnip, or clover plant. 
The substances making up the body of an animal 
may, as in the case of the ])laiit, be roughly divided 
into water, organic matter, and ash. During the 
life of the animal certain waste of tissue is going 
on, and the waste products are eliminated from 
the blood by specially-constructed glands, from 
whence they are ejected from the body. These 
waste products, containing, as they do, worn-away 
portions of the animal tissue, contain the same 
chemical elements as were removed from the soil 
by the plants. Taking the urine of the cow as 
a tyj)ical example of this kind of matter, we find 
that its composition is as follows : — 

In 1,000 parts. 


Water 920 

Organic matter 60 

Inorganic matter (ash) . , , , ,20 


The organic matter contains urea and uric acid, 
important manural substances yielding upon de- 
composition somewhere about one pcjr cent, of 
ammonia-forming nitrogen. The inorganic consti- 
tuents consist of common salt (sodium chloride), 
sulphuric and phosjdioric acids, with salts of 
potash, soda, lime, and magnesia. As an example 
of solid excrement, that of the cow may be fairly 
tak(m as a type. Its comj)osition in 1,000 parts is 
as follows : — 

Water 840 

Organic matter, hoing insoluble portions of food 136 

Inorganic substances 25 

It may be explained that although the actual 
quantity of organic matter in 1,000 parts is much 
greaker in this case than in that of urine, yet the 
smaller propoi-tion of organic matter in the latter- 
named substance contains betweem two and three 
times more niti'ogen capable of forming ammonia 
than the bulkier proportion of the same matter 
in tlio solid excreta. 

Farmyard manure, being a mixture of solid 
and liquid excreta derived from various animals, 
and intermingled with the straw of various plants, 
it will be readily understood, from what has now 
been said, that it contains all the materials neces- 
sary for the restoration of the fertility of soils 
exhausted by continual growth and removal of 
crops. But again, remembering once more that 
plants must have their food presented to them in 
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a soluble fonnj and knowing that the solid 
materials in fresh manure are to a large extent 
insoluble in water, it will be readily seen that the 
substance of the heaj) must sooner or later undergo 
such changes as will result in the convei*sion of 
a large proportion of its insoluble matter to a 
soluble condition before it is in a fit state for the 
immediate use of the plant. The following table, 
founded on analyses made by Dr. Voelcker, show- 
ing the composition of fresh (about 14 days old) 
faimyard manure, composed of the droi)pings 
of the horse, cow, and will illustrate this 
point : — 

In 100 pai*ts 

Water 60- 17 

Soluble organic matter containing ’149 percent, 
of nitrogen, capable of forming *181 per cent. 

of ammonia 2*48 

Insoluble organic matter containing *494 per 
cent, of nitrogen, capable of forming *599 

per cent, of ammonia 25*76 

Soluble inorganic matter containing silica, phos- 
phate of lime, lime, magnesia, potash, soda, 
chloride of sodium, sulphuric acid, and car- 
bonic acid 1*54 

Insoluble inorganic matter containing all the 
above inorganic ingredients with oxide of 
iron and alumina in addition . . . 4*54 

It may be added tjiat the whole manure contained 
*034 per cent, of ammonia in a free state, while an 
additional *088 per cent, existed in combination as 
salts. 

When dead organic matter is kept moist and 
freely exposed to tlu^ air within certain ranges of 
temperature, it umh^rgoes a series of remarkable 
changes, whereby the complex compounds are' 
broken up into simpler bodies, the final result 
being the complete decomposition of the original 
matter. The putnifaction of a manure heap is 
brought about, as all putrefactions are, by the 
growth of certain microscopic fungi belonging to 
the group named Schizomycetea by botanists. These 
extremely minute unicellular organisms, as has 
been seen,* are floating about in the air, settling 
in all situations, and multiplying at an astonishing 
rate wherever they find a suitable habitat. Like 
other plants, they require carbon, hydrogen, 
oxygen, and nitrogen, as also inorganic matter, for 
their sustenance. Unlike green plants, however, 
they are dependent for food upon already organised 
matter ; this provided, they set to work decom- 
posing the complex chemical organic structures, 
using such portions as they require for food, and 
liberating solid, liquid, and gaseous factors, some 
* “ Science for All,” Vol, IV., pp. 317-319, Figs. 1, 2, 3. 


of which are of course volatile, the organisms in 
the meantime multiplying with enormous rapidity. 
The ordinary conditions favourable to the growth 
of these bacteria^ and therefore favourable to quick 
decay — in addition to having a dead nitrogenous 
organic body as a feeding-ground — are the presence 
of a moderate supi)ly of moisture, warmth above 
the freezing-point and below the boiling-point of 
water, and an abundance of fresh air. The prin- 
cipal products of putrefaction are water, carbon 
dioxide, ammonia and ammoniacal gaseous com- 
pounds, sulphuretted hydrogen, and certain organic 
acids. 

That these changes are really brought about by 
the growth of these organisms may be readily 
proved by a series of easily-performed experiments 
similar to those already described (Vol. IV., p. 317). 
Half fill three flasks with a well-strained infusion 
of hay, cabbage, beef, or any other vegetable or 
animal nitrogenous substance. Boil the infusion 
in two of the flasks, and, wliile the steam is issuing 
from the neck, stoj> up the mouth of one of the 
flasks with a plug of cotton wool ; then place the 
three vessels aside. As a temperature above the 
boiling-point of water gcmerally kills all forms of 
life, so, by boiling the infusion, not only are all 
germs in the liquid destroyed, but all organisms in 
any other pai't of the flask as well. Upon exam- 
ining the contemts of the flasks after the lapse of 
three or four days, the liquid in both the two open 
vessels will be found to stink, while the infusion in 
the flask ]duggod with the cotton wool will be 
found as sweet and fresh as when first put in. Here 
the cotton wool so completely filtered the air that 
even the minute bacterian organisms wcto excluded, 
and therefore preserved the infusion from their 
attacks. If the plug is allowed to remain unmov(Hl 
the infusion may be kept fresh and unaltered for 
years, while, on the other hand, if it is at any time 
removed, speedy putnifaction of the licpiid will be 
the inevitable result. A drop of tins putrid infu- 
sion, examined under a high power of the micro- 
scope, will be found to be swarming with forms of 
life such as those figured in Vol. IV., pp. 317-319. 

As oxygen is required by the bacteria during 
tbeso changes for purposes of oxidation, and, more- 
over, as the action of oxidation invariably produces 
heat, so during the decomposition (or fermentation, 
as it is often called) of the materials in the manure 
heap the temperature rises in propoHion to the 
rapidity of tho decay. All kinds of excreta do not 
decay with the same quickness : if we compare 
horse with cow manure, it will be found that the 
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former decomposes rapidly, and is therefore said to 
be “ hot,’^ while the latter slowly decomposes, and 
is known among farmers as a “ cold dung.” Under 
projjer management, the manure heap is kept in 
such a condition, and the rate of decomi)Osition is 
so regulated, that there is only very slight loss of 
any of the valuable products of decay. VaiK)ur of 
water, carbon dioxide, and other volatile matters 
may and do esca]^ ; but ammonia, the most valuable 
constituent, is retained, being fixed by certain 
organic acids genemted during tlie j)rocess of decay, 
of which humic and ulniic acids may be taken as 
types. With these twj acids tlie ammonia unites to 
form humate and uliiiate of ammonia, substances 
which are easily soluble in water. 

If, either through neglect or ignorance, the heap 
is allowed to get too ilry, then the ])r()gress of decay 
is partially arrested, and the l>efore-mentioned 
organic acids are not formed; under such condi- 
tions the ammonia combines with the carbon dioxide, 
foiming carbonate of ammonia, which, being 
volatile, escai)es, thus roblnng the manure of its 
mast valuable fertiliser. On the other hand, if the 
heap is allowed to become so wet that the water 
drains away, then the ammonia, now in the form of 
ulmate and humate of ammonia, is carried off in 
the well-known black streams too often seen flowing 
from heaps of farmyard manure. As the decom- 
position is going on, the hea}) is gradually becoming 
darker-coloured, more coinj)act, and materially 
reduced in weight, while at the same time the pro- 
portion of soluble substances is considerably in- 
creased. It has now reached that final stage when 
incorporation with the soil is highly desirable. Its 
immediate application will prevent serious loss; 
this is particularly true if the heap is kept un- 
covered, as it has been found that twelve months’ 
exposure is sufficient to wash away or otherwise 
remove to the merest ti’aces all the valuable ferti- 
lising substances in the heap. 

We have, therefore, now seen that all plants 
require certain essential chemical elements to enable 
them to build up their tissues during their respective 
jieriods of growth ; that these elements must be 
pi*e8ented to them in particular forms and under 
certain conditions ; that they require water at all 
times, which is usually supplied by rain and dew, 
while the food they require in greatest bulk 
(carbon) is most plentifully supplied by carbon 
dioxide, ever present in atmospheric air, but for 


their supply of nitrogen and all the essential (and 
non-essential) inorganic materials, they are wholly 
dependent upon the soil ; that by growing plants 
upon and then removing the ci^ops from off the 
soil, the farmer robs the laud of all those materials 
taken up by the plant, and by a continuance in this 
practice, without giving equivalent amounts of aU 
the siibstances so removed back to the soil, the 
land in time becomes thoroughly exhausted ; that 
these losses may be best made up by the application 



of farmyard manure — a manure which in its fresh 
state is merely a collection of plant bodies, undi- 
gested vegetable matter, and animal waste products ; 
that these, by subsequent decay, yield up to the 
soil the same or similar materials lost during the 
growth of the crops, presented in such a condition 
that they may be forthwith re-used for the purpose 
of again helping in the construction of plant tissue. 
Finally, we have also seen that there is a slow but 
nevertheless a perpetually-moving cyclic stream of 
inorganic matter flowing from the soil through the 
plant to the animal, and from thence back again to 
the soil ; and that a manure heap may be compai*ed 
to a central \yoo\ (Fig. 2), into which branching 
streamlets from both plant and animal sometimes 
flow, but only to again join the main stream at 
the soil, and move onwards with the broad current 
flowing in the direction of the plant. 
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WARREN DE LA RUE’S GREAT VOLTAIC BATTERY. 

By Robert James Mann. M.D., F.R.C.S., F.R.A.S., etc. 


n'^HE chloride of silver battery, alluded to at 
X the conclusion of a recent paper on the 
nature of voltaic electricity, was first described by 
its inventors. Dr, Warren De la Rue and Dr. 
Hugh Muller, in 1867. One hundred cells were 
exhibited in operation at a meeting of the Royal 
Society held on the 7th of March of that year. 
It was contrived for the facility which it gave of 
bringing a very large number of cells into con- 
nected action, and in this particular it has mar- 
vellously answered the pui*pose for which it was 
designed, as on the 21st of January, in 1881, a 
battery of 14,400 cells was set to work at one of 
the evening meetings of the Royal Institution in 
London. This battery was constructed in the first 
instance for investigating the nature of the 
electrical discharge in highly mrefied media, and 
in the form in which it was exhibited upon this 
occasion, it is by far the largest voltaic battery 
that has ever been brought into action. 

The chief peculiarity of the battery is that it 
is a solid substance — th(i chloride of silver — which 
furnishes the current of electricity in consequence 
of its slow and gradual decomposition. Tliis solid 
electrolyte takes the place of the sulphate of 
copper employed in the Daniell’s form of constant 
battery. It is used in connection with a rod of 
zinc, the two elements — the chloride of silver and 
the zinc — being immersed in a glass jar or cell, 
containing a weak solution of chloride of am- 
monium, or chloride of sodium. The chloride of 
silver is quite insoluble in this liquid. When the 
connection between the two elements is not closed 
into a circuit, no action whatever takes place, but 
as soon as the circuit is closed, the zinc dissolves, 
and the chloride of silver parts slowly with its 
chlorine, and in doing so, is changed into the state 
of a porous mass of reduced silver, setting free a 
current of voltaic electricity so long as the decom- 
position is in progress. The battery has the veVy 
great recommendation that, although it disjienses 
with the porous jar, and the two different kinds of 
liquid, it is, nevertheless, remarkably constant and 
durable in its action, and although the silver 
element is costly in the first instance where a 
large battery is concerned, nearly the whole of the 
silver can be recovered after the exhaustion of 
the battery. Dr, De la Rue found that the 
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actual loss of silver with good management does 
not necessarily amount to more than one and a 
half per cent. There are 200 grains of the 
chloride in each cell, which is worth about two 
shillings, including the cost of fusing it and 
casting it into the form in which it is employed. 
The cost of the silver employed in the large 
battery at the Royal Institution was about £1,440. 

The cell of the battery consists of a flat- 
bottomed glass jar, a little more than one inch in 
diameter, and five and a half inches high. It is 
capable of holding about two ounces of solution, 
and is closed at the mouth by a plug or stopper of 
pamffin, which is perforated in two places to allow 
the passage of the zinc rod, and to permit the 
introduction of the liquid solution by means of a 
pipette and syringe formed of an india-rubbei’ 
tube armed with a piece of glass tube drawn out 
to a point. The zinc element consists of a frag- 
ment of pure Belgian zinc wire, one-fifth of an 
inch in diameter, and two inches and a half long. 
The silver element is formed of a soli<l rod of 
fused chloride of silver, cast round a thin flat wdre, 
or ribbon, of pure silver by pouring it in a molten 
state into a mould, in which the pure silver core has 
been previously fixed. The silver core projects 
through the bottom of the rod to establish a free 
contact with the liquid, and it is carried upwards 
between the glass neck of the jar and the 2)araffiu 
bung or stopper. The chloride of silver rod is a 
little more than two indies long, and a quarter of 
an inch thick. It very much resembles a stick of 
lunar caustic, but when cold it is so tough that it 
does not readily crumble, and is yet so soft that it 
can be cut w ith a knife. When the cell is charged 
with its rods and liquid, the 0 |)enings through the 
jmraffin and the connection of the j^araffin with the 
glass are all hermetically sealed by the application of 
a hot iron. The chloride of silver is jn’otected from 
any chance contact writh the zinc element deposited 
in the same cell by being surrounded with a 
cylindrical sheath of vegetable parchment, closed 
up into the form of a tube by means of stitches 
and cement at the outer edge. Connection is made 
between the chloride of silver rod in one cell and 
the zinc rod in the next by the flat silver wire 
which is earned up out of the glass jar between the 
glass and the paraflbi stopper, and then inseitied 
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into • lude drilled traasvwaelyiato the top oi the 
rino rod, into whidi it is pressed and wedged firmly 
by means ot a oonioal ^ug, as dktwn in the 
frilowing dcetrii of the arrangemmits adopted 
in two oontignoos orils (Fig. 1). 

The glass jars are arranged m traya eighteen 
inohea wide and four feet long, which, in the case 
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Tig. 1.— Two Cell! of the Ghhnide of Zino Battery, ahowiiig the 
AxruigeiiieDte of their aereral parte. 

a»tlieStae o.tlie OhlodOe of Mljer ^d, with w, Ite Flat 

SUter attached to the Stae M of the next OejU ^ a. J bnaholc and 


pee; p, the Stopper of Puafflih by wUCh the mouth of the Glass Jar ie 
- — ' and a. the Solution of Ohlotlde of Ammonium in which the Rods 


are immeraed within the Oell. 


of the lai*ge battery, were plaood side by side upon 
shelves in cabinets. There were 200 jars upon 
each shelf, and 1,200 jars in each cabinet, so that 
twelve cabinets contained the whole battery. The 
construction of this battery at the Royal Insti- 
tution was commenced in June, 1879, and it was 
completed in August, 1880. A fortnight was 
occupied in December m charging the cells with 
tiie solution of chloride of ammonium, containing 
about 190 grains of the salt to each pint of water. 
The series upon the several shelves and in the various 
cabinets were so coupled up by means of terminal 
Bcrew-conneotions and switches, that any number 
of the trays could be joined up in circuit, or with- 
drawn from it, at the will of the operator. The 
aoUon a£ the battery after it has been once built 
up is sustained for a long period of time ; indeed, 
until all the chloride of silver is reduced to the 
state of metallic silver. In one tolerably laige 
aeries of cells which Dr. De la Rue employed in his 
own laboratory, the electrical action was main- 
tained fm* a period of three years without any 
peroaptihle diminution of power, a term which ia 
obviously ample for the completion of a oonsider- 
aUe xange of exporimmital investigation. 


The deotro-motive force of cadi of these eefla 
was found to be a trifle more than one Toli-— that 
is, an deotxic energy capable, when woridng 
throu^ a pure copper wire one-sixteenth of an 
inch in diameter, and 129 yards long,* of deoom- 
posing the 0*00146 part of a grain of water in a. 
seoond. The electro-motive force of the entire 
battery of 14,400 cells was 14,832 volts — that is, 
it was capable, when working through an ohm of 
resistance, of decomposing a little more than 21^ 
grains of water each second. 

Twenty cells of this very compact and handy 
battery proved to be sufficient to fire the ordinary^ 
blasting fuse. One hundred cells gave a brilliant 
arc, sustained between charcoal points, when drawn 
the sixteenth part of an inch asunder. Two 
hundred cells gave a luminous arc between obarooal 
points a quarter of an inch asunder. Eleven, 
thousand cells gave a spark, sixty-two-hundredths 
of an inch long. And the 14,400 cells, which were 
coupled up together for the first time at the Royal 
Institution, gave a spark seven-tenths of an inch 
long, and which struck at once that distance from 
terminal to terminal without any previous establish- 
ment of contact and subsequent withdrawal 

The electro-motive power of the battery is, how- 
ever, capable of being very materially increased by 
the expedient of attaching a condenser to its 
terminal wires when it is in action.t Several plates, 
however, have to be employed instead of a single 
pair, with their conducting-surfaces so arranged as 
to make the whole act like one enormous L^den 
jar, with the opposite coatings separated by an 
intervening layer of non-conducting material In 
one of Dr. De la Rue’s condensers, plates of glass 
about a foot square were arranged in grooves side 
by side, with tin-foil attached to each surface, but 
not reaching to the margin of the glass, so i^t its 
insulation was in this way provided for. The con- 
nection of the coatings of tin-foil was then so 
managed that all the coatings on one side of the 
glass plates were brought into continuous metallic 
communication as one series ; whilst all those on 
the opposite side formed in a similar way another 
series. This, however, may be most readily under- 
stood by a glance at the following figure, whi<fii 
is intended to represent, diagrammatically, the 

* The reiiiteiioe to an rieotiioal current fumiflied by e 
oopper wire one-dxteenth of an mob in diameter, and 129 yards 
lo^ is oalled, technically, sn ^'obm.” A ^^volf k an 
eleotro-motiye force capable of making its way through an 
ohm of resistanoe. and of, at the tame time^ deoompoekf 
0*00146 of a grain of water every aeoond. 

t ** Sdbnoe for Afl,” Yol. V., p. 171. 
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••BiiiMntiioiw of tiw oppom^ co>ting» <tf saok a 
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Viir* 2.*Showlxig Diammnuitioallytlie azranMmenti of the Coat- 
ings of the largo Gonaenser used in Ur. Do la Bue*a Ezperimenta, 


All the coatings on the left sides of the Plates of Glass (D are connected 
JfetaJ licaljr wl^ the Conducting Trade (S):wliils, tall.; ^ 


Trade (S) : whilst all the coatings on 
connected Metallically with the Oon- 


the right side of the Plate (n) are 

dnetlng Track (l)t the dotted spaces (o) representing in Section the 
Positioa of the Insulating Plates of Glass. 


One of the condensers employed by Dr. De 
lii Bue contained metallic surfaces eqiial in 
extent to 6,485 large Leyden jars with 442 square 
indies of coating in each.* In using this con- 
denser, the one series of coatings is placed in 
communication with one of the tenninals of the 
voltaic battery, and the other series with the 
opposite terminal. The result, then, practically 
is, that each of the terminals acts with this large 
supplementary reservoir of inductively concen-' 
tra^ electrical force attached to its system of 
discharge. The coats of the condenser get charged 
np to a certain grade of active energy, and the 
current is then reinforced in its electro-motive or 
resistance-overcoming powm:, to the extent of the 
charge. Dr. De la Bus’s intention was to exhibit 
the full power of the battery in connection with 
the large condenser at the Boyal Institution, but 
it was found to be impossible to do this, because 
the plates of the condenser were immediately 
broken by the ilashiig of the discharge through the 
{^ass. Not more than 3,240 of the odls of the 
battery could be used with the condenser. With 

* nM largest oondenier of ihiaUnd that baa ever been eon- 
•tnwted is one that ia employed in oonneotiMi with tbeDnplex 
jaooesa of tranemiadon by the direot United States OaUe 
TUegtaiA Xhere are in that instrument 100,000 square feet, 
or moK than two aerea of insulated metallio surface. Iliat 
Leviathan of condensers is contained in seven^ boxes two feet 
kng, afoot and a half broad, and seven indbssdec^ 


Uieee, however, tiie disoharge was strong, enoni^tie 
deflagrate two inches and a half of gold wire the 
ei^tieth pact of an inch in diameter with a khd 
report, merely leaving a stain of metallic dust 
scattered upon the glass on whi^' the wire had 
been stretched. It also sufficed to deflagrate 
twenty-nine inches of platannm wire the hundredth 
of an inch in diameter. The spark passed between 
the se^Murated terminals of a dischaiger with a loud 
report It was, nevertheless, apparent that the 
condenser could be fully charged with a current 
that would not suffice for the decomposition of more 
than the five-thoiuandth part of a gi'ain of water. 
Dr. De la Bue calculated that in order to get an 
electrical fltfsh equivalent to a discharge of light- 
ning 63,366 inches, or one mile long, it would be 
necessary to have at command a battery 243 times 
more powerful than the one with 14,400 cella 
This would be represented by about three millions 
and a half of cells. The electro-motive energy of 
the voltaic current m, however, capable of being 
still more increased by the instrumentality of the con- 
denser when its coatings are arranged in a different 
way, so as to produce what is technically known 
as the cascade effect. This is done by coupling up 
the right and left coatings of the contiguous glass 
plates, instead of connecting all the right-hand and 
all the left-hand coatings together, and keejiing 
each couple isolated from the rest. Each pair then 
acts inductively upon its neighbour very much in 
the same way as the successive cells in a voltaic 
battery act upon each other, but with a still more 
rapid augmentation of the energy, fix>m increase in 
the number of plates. Twelve hundred voltaic 
cells, which only gave a spark the 0*00608 part of 
an inch long, ^vo a spark an indi long*!* when 
they were connected with twenty-flve condensing- 
plates arranged in the form of a oascad& This 
particular experiment is principally importanl^ 
because it suggests the idea that the great intensify 
of the lightning disoharge may possibly be due to 
insulated plates of doud being arranged in the air, 
so as to act like a cascade-condenser. 

Ibe power of the arrangement of artifidal 
apparatus to augment the striking energy of an 
electrical discharge, however, becomes still more 
strikingly maniflsst when the performance of the 
great inductive coil of Dr, Spotdswoode, which was 
also exhibited at the Boyal Institufion, at a meetmg 
held on 'the ISth of April, 1877, is contrasted with 
the action (ff Dr. De la Bne’s chloride of silver 
battery, when reinforced with the condemn. ' In 
t Hist ixomlumdrsd and lixty-toiir timM 
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l>r. Spot^iswoode’s appaimttuia.qpil ci wire the <mib- 
Imnd^tli of an inch in diameter^ and 280 mUes 
long, was inductivelj tlirown into action by means 
of a primaiy ooU of wire one-tenth of an inch in 
diameter, and 660 yards long, through which 
voltaic currents were circulated intermittingly 
from a small battery of Grove’s cells. In this form 
of apparatus a current is only produced in the 
secondary coil at the instant when the circuit is 
opened and closed in the primary coil, and the in- 
tensity of the effect very largely dei)end8 upon the 
rapidity with which the opening and closing are pro- 
duced. The mechanical arrangement, by which the 
requisite rapidity is secured, is the simple expedient 
of causing a brass wheel, scored by radial slits filled 
up with non-conducting ebonite, to revolve, so that 
when a flat platinum spring is caused to press upon 
the face of the wheel a current is passed every time 
it touches the brass surface, and is stopped every 
time the sjiring passes the non-conducting or 
obstructing band of ebonite. In Dr. Spottiswoode’s 
own laboratory the wheel is driven by a small 
steam-engine, and interruptions in the current of 
the primary coil are produced from 700 to 2,500 
times in a second. With this apparatus, used with 
a condenser of 126 sheets of tin-foil, sparks twenty- 
eight inches long were produced when the currentfor 
the primary coil was supplied from only four quart 
cells of Grove’s form of voltaic battery. With ten 
voltaic cells sparks thirty-five inches long were pro- 
duced, and with thirty cells sparks forty-two inches 
and a half long. These were by fltr the longest 
electrical sparks that have ever been artificially 
produced, and were quite deserving of the epithet 
of mimic lightning which has been conferred upon 
them. It is quite worth while to contrast these 
sparks, more than forty-two inches long, and pro- 
duced from thirty voltaic cells, with the spark but 
a trifle more than half an inch long, which is the 
ultimate effort of the 14,400 cells of the chloride- 
of-silver battery without the help of its condensers, 
as a practical Ulustratbn of the difference of high 
and low tension currents of electricity. With the 
twenty-eight-inch spark a block of flhit glass three 
inches thick was pierced by the discharge. These 
induction coils are instruments by mt>lSLrt^ of which 
the current of the voltaic battexy, which has large 
heating, chemical, and magnetic power, is converted 
into an intermitting or spark discharge^ of which 
the heating, chmnical, and magnetic e&cfs are less, 
butin which the difference of the potential, or re- 
sietanoeK>vercoming force at the opposite terminals 
of a brdcen cdrcuit, is of enormous strength. 


By means d the magnetic and eoil induction, tike 
current of low tension is converted into an intw* 
mitting discharge of high tension. 

But the voltaic current itself is, in reahty, a 
series of very rapid discharges. The proof of this 
was one of the objects which Dr. De la Bue had in 
view in the construction of this large voltaic 
battery, and he effected this portion of his purpose 
in a very ingenious and skilful way. He availed 
himself of the circumstance which has been 
already alluded to, that there is no secondary cur- 
rent induced in a secondary coil, tmless the current 
which flows through the contiguous inducing coil is 
either an intermitting, or, at any rate, a pulsating, 
one, with waves of varying intensity following 
each other. He placed a primary coil in the closed 
circuit of the voltaic battery, and ranged in close 
contiguity with it a secondary coil of wire, which 
was connected in one instance with a vacuum tube, 
and in another instance with the coil of a galvano- 
meter. The secondary coil, it will be understood, 
had no communication of contact with the primary 
one. It was quite insulated from it, and merely 
arranged in near contiguiiy* Whenever a current 
was produced by inductive or sympathetic action 
in the secondary coil, it declared itself either by 
lighting up the vacuum tube, which formed part of 
its own circuit, or by causing oscillations in the 
needle of the galvanometer. But if the voltaic 
(nirrent in the primary coil was absolutely con- 
tinuous, without either bx'eak or pulsation of 
intensity, no current whatever would be caused in 
the secondaiy coil In Dr. De la Hue’s experi- 
ments, however, luminosity was produced in the 
vacuum tube connected with the secondary coil, 
and oscillations of the needle of the galvanometer 
presented themselves, whenever a current was 
started in the primary coil* It was, therefore, 
manifest that the voltaic current itself is essentially 
of the same nature as the stream of electric sparks 
presented in the discharges of high tension. It is 
merely a stream of electrical pulsations of such 
rapid succession that they quite elude all ordinary 
means of observation, and of such low texision thu^ 
they are incapable of making their way through 
the minuteiE^ gap of non-conducting matoriaL 

This conclusion as to the pulsating or vibratory 
character of the voltaic current was most emphati- 
cally confirmed by a very beautiful series of 
expmments upon the aq>ect of the luminous 
discharge through vacuum tubes, which were made 
under varying conditions of exhaustion and resist- 
ance. Dr. De la Rue found it to be necessary 
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io prednM Us <nm vaem for tbeae invoBtigatimu, 
and be em^t^ed tubes of giaas tbirfy-two iuobes 
tongi of tbe form wbioh is shown in 3. 

The Tsooa yrere produced bj drawing upon a 
ibree-fcdd power. The rush of a stream of water 
from a column of 106 feet high was first made to 
suck the air, or some gas representing it, out 
E 




Fig. -A Taeiram Tab* of the Form employed by Dr. De la Roe in hie 


_ of Fla^nm or Alominliim Wire , 

it at I and r, so that their Points are 88 i n ch ei asunder. 

through one of the opened cocks until the pressure 
within the tube was reduced to the sixtieth part 
of the ordinary pressure of the atmosphere. This 
cook was then closed, and two similar operations 
were performed in succession by the falling of 
streams of mercury past an orifice connected with 
a second cock,* until the pressure within the tube 
was reduced to between the two and three- 
miUionth part of the pressure of the atmosphere. 
The perfection of even this vacuum was then 
further increased, in some special instances, where 
gasra such as hydrogen or carbonic acid were used, 
by opening the connection with a chamber (Fig. 3, 
o) in which spongy palladium or charcoal bad been 
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q[)heric preoenite, l3Gtween oharooal points 
short distance asunder, a glow, or strerai of lupti^ 
nosity appears before any spark jumps from point 
to pointy which is termed, by Dr. De la Rue, tiie 
streamer disobaige. When this streamer 
discharge is closely scrutinised, it is 
found tiiat it consists of two perfectly 
^ distinct parts. A series 
of twisted intermitting 
streamers issue from 
the positive terminal, 
extend beyond the 
opposite point, and 
then curl in towards 
it, whilst a continuous brush-like glow appears at 
the negative terminal, which is completely en- 
veloped by the spiral streams without having its 
form in any way altered or interfered with by 
them. This appearance of the two opposite lumi- 
nosities, the spiral streams, and the brush is I'epro* 
sented in the accompanying wood-cut (Fig. 4). 

When any increase of resistance is introduced 
into the conducting track which intervenes between 
the battery and the terminals, or if the condenser 
is attached to the terminals, the streamer discharge 
disappears, and a line of sparks issues in rapid 
succession between the points with tension enough 
to perforate strips of paper introduced into the 


Fig. 4.— The appEaeavce or tub Stebakeb Dxbohabob or ▲ Yoltaxo Cuebbet bbtwbbb Chabooal Poxmti at Obdxbart ATEOtPBBEio 
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previously placed, so that the chief part of the 
residual gas might be removed from the tube by 
ihe ohemical attraction exerted upon it by either 
the palladium or the charcoal, 

When the discharge of the large battery, with 
Its full complement of cells, is passed through air, 
or throuj^ a gaseous mediipn. at ordinary atmo- 

* ms part of the prooew waa carried out by the forms of 
meroorial air-pomps, techxxioally known as the Alveigniat and 
Spra^pompes **So&eiioafor All,*' VoL L, p. 108^ 


lina The battery then gathers up at the terminals 
a charge which only escapes when the energy 
accumulated is enough to leap through the inter- 
vening gap of air* The sparks under ordinary 
ciTCumstances follow each other in such rapid 
succession that they appear to form a continuous 
and unbroken line of light. When the condenser 
is used the interval between the successive sparks 
is lengthened -out, because each one only occurs 
after the. plates of the condenser have been charged 
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up to I3ie point of Him indaetzroly vetentivo 
capoeity. 

When tiie carbon points are arranged in the 
interior of tilie vacuum tube, precisely the same 
series of effects take place so long as the air or gas 
within the tube remains under the ordinary 
pressure of the atmo8i)here ; but when the air 
or gas within ie subjected to progressive exhaustion 
during the discharge, the line of light that is 
formed by the discharge grows wider and fainter, 
until when about half the air or gas that was 
otiginally contained in the tube has been drawn 
out, the whole of the residual portion b^ins to 
glow, and the glow assumes a different tint with 
different gases that may be used in the operation 
The entii*e tube is fiUed with light, tlie colour of 
which depends upon tlie nature of the gas that 
remains in the partially exhausted rec^taole. This 
is the electric^ disc^rge in the vacuum tube 
whose luminous appearance is now pretty well 
known to every one. As the rarefaction is 
increased, the discharge is more easily produced 
up to a certain point — ^that is, batteries of lower 
power are capable of producing the effect through 
tubes in which the terminals are some inches apart. 
But when this degree of exhaustion has been 
reached, the discharge becomes more and more 
difficult to sustain, until at last a vacuum is 
obtained that no discharge can pass through. Dn 
De la ; Rue found that the dischaige was most 
easily produced through hydrogen gas, when the 
exhaustion had reached the 845-inillionth part 


certainly looked upon as an estahlidied that 
absolute vacuous space does not fisvotir the dertri? 
cal disehaiga The pi*esenoe of material atoms in 
some form is essential to this result. 

But when a vacuum tube is rendered narrow at 
one portion of its length, as in the form rqn'e- 
sented in Fig. 5, the luminous discharge riiows a 

o 

Fig. 5.- A Vaoiinm Tab« oonstmoted lo that tb«re is a Gompara- 
tively Marrow Central Part intervening between wide aalh* 
shaped ends. 

tendency to break up into a succession of light and 
dark spaces, which are then technically spoken 
of as a stratification in the discharge. This pecu- 
liarity of the electrical dischaige through rarefied 
media was first observed by Si. Abria, in 1843, in 
connection with the effects of induction coils, but 
as long back as 1859, Mr. Gassiot was occupied 
with experiments contrived to show that the same 
characters in the discharge could be produced by 
the agency of voltaic batteries. He produced 
stratification in residual carbonic acid in a vacuum 
tube between terminals two inches apart with 3,250 
voltaic cells, and he arrived at the conclusion that 
this seemed to indicate that the voltaic current is 
not a continuous, but an intermittent discharge, 
and that it consists of a series of pulsations pro- 
duced in material molecules, of greater or less 
intensity accoiding to the electro-motor strength of 



' ' • n 1 1 ) I h I tniiDn n M I } I 


Vic. ^-SninnoAiini or Ihrauai. 


of the ordinary pressure of the atmosphere : 430 
cells were then capable of maintaining the dis- 
<diatge between terminals thirty inches apart. At 
a pressura of 8'6-millionths of an atmosphere, 
8,937 cells were required; at l'8-millionih8, 11,000 
cells fiiiled to produce any discharge; at 0'07- 
millionth of an atmosphere, an exhaustion pro- 
duced by the supplementary instrummitality of the 
- 'iqpo^gy palladium absorption chamber (Hg. 3, d), 
and the nearest ajqnoach to an absolute raouam 
that has yet been made, tiie 14,400 cells oonld 
prpduoe no disohaiga It may, tiieMf<»e, be 


the battery, and to the resistance by which the 
transmission of the pulsations is oppoi^. He 
found that the number and position of the strata 
were materially affected by any alteration of the 
resistance of the electrical circuit. Fig. 6 repro- 
duces the appearance which this stratification of 
the dischaige assumed when the dischaige of Dr. 
De la Rue’s large battery was flowed to pass 
through a long vacuum tube whiidi had been first 
charged with carbonic add, a^ then exhausted until 
the pressure within the tube was reduced to some* 
thing l&e the 800-millionth part oS an atmo^hera. 
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V wiphiwliffin 4rf Ifcia rmy bwm^il ckanabet- 
iWia of the lUaohai^ most pr(ANdi>ly is that the re- 
(ridnal atoms pcmtaLied witidu the.tobe aregathmed 
up under the play of the electrioal force into a 
aeries of isolated clasterings, and that each one of 
these beo(Hnes. eleotrioally ohaiged on its own 
aooonnt li|ke a miniature Leyden jar, with concen- 
tration of the negative disturbance on one side, and 
of positive disturbance on the other. The disdiaige 
tl^ takes place by jumping progressively from 
duster to duster, llie electrically-formed drop- 
like groups, do not themselves move along the tube 
in the direction of the discharge. The discharge 
simply leaps from duster to cluster, making 
stei^ing-stones of them, as it were, by the way. 
When the stratification b^;ins to appear, a luminous 
q>ot first presents itself at the. positive terminal 
within the tube. This, then, detaches itself and 
moves towards the negative end of the tube, and is 
immediately followed by other aitniln-r luminosities, 
which increase in number up to a certain limit, and 
arrange themselves somewhat like beads upon a 
string, until they extend through the greater part 
of the tube. But a dark space is invariably left 
between the last bright spot and the negative termi- 
nal, and this dark space becomes of wider span as the 
exhaustion within the tube proceeds. Mr. Crookes 
considers this interval of darkness as coinciding 
with what he has termed the free path ” of the 
molecules, ^otoff in the attenuated medium from 
the negative terminal — that is, the distance which 
these molecules have to move before they come into 
collision with other molecules to produce the shook 
of luminous vibration. The dark blank space imme- 
diatdy appertaining to the native terminal is 
very clearly shown in connection with the stratifi- 
cation represented in Fig. 6. 

Dr. De la Bue remarks that when the two and 
a b«Jf inches of gold wire were dissipated into 
metallic dust by the discharge from his lottery, the 
stain upon the glass plate, under the examination 
of the microsoope, gave clear indications of a strati- 
fied distribution, such as might be expected to be 
produced by the pulsatii^; progrem of a vibratory 
disruptive force. It is also observed that in the 
vacuum tube metallic partides are not unfrequently 
carried by the discharge from the wire terminals to 
the sui'&oe of the glass, and that in oases where 
stratified discharges have bemx m a int a in ed, these 
metallic dq>OBits upon the glass to some extent 
assume the broken and interrupted character of the 
Btrwt^ie4 Hght. Dr. De la Bue, in one of his papers 
on thestratified discharge, suggests that boll-lightning 


may possibly be of the nature of the sing^ ktmi* 
nosity that first appears with diminishing pressure 
at the positive terminal of an exhausted tube, 
charged like a Leyden jar, and projected forwards 
by an electrioal impulse from behmd. The bending 
of the line of light in a partially-exhausted tube, 
which is observed to take place when a finger is 
presented from the outside towards it, is obviously 
an effect of induction. The finger sets up an in- 
ductively attractive spot by the deposit upon the 
outside of the tube of a charge of an opposite kind 
of electrical disturbance. 

One of the most beautiful of Dr. De la Bue’s 
experiments consisted in the formation of an arti- 
ficial auron^ upon a miniature scale, in the interior 
of a large tube. The pressure of the contained air 
was first reduced by exhaustion to the one thousand 
three hundred and sixteen-millionths of an ordinary 
atmosphere, and the discharge of 14,400 cells was 
then passed through the interior space from a 
spherically-curved plate at the positive pole to a 
point constituting the negative terminal at a dis- 
tance of seven and a half indies away. A glow of 
carmine coloured light 
with parallel streamers, 
arranged as represented 
in the accompanying dia- . 
gram (Fig. 7), immedi- 
atelyappearedattheposi- 
tive terminal (h), and 
extended half way down 
the tube towards the 
negative end (k). The 
resemblance of this lumi- 
nous discharge to an 
ordinary auroral di^lay 
was singularly sugges- 
tive and exact. It was 
found that the least 
resistance to a luminous 
discharge occurs with 
atmospheric air at a 
pressure of about four 
hundred and ninety- f].. 7..-A>tiadia AaNis pro- 
eight-millionths of an vtSSm 
atmosphere. This, under ***• 

the d^inution of pres- 
sure that prevails with ascent into the higher 
regions of the atmo^there, would occur at a height 
of thirty-seven miles and a half above the level of 
the sea. Dr. De la Bue hence infers that this 
would be about the elevation in the air which is 
most favourable to an auroral display. At a hei|^ 
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"»n«M and « half titejuttiuml nvefiio- 
tion of the ur ooireaptmda aa exhaimtiofn ia 
the tabe that would mark a praaaure of only ike 
0'07‘iBillionth of an atmoqphete. But that ia the 
pieMim at which 11,000 odla failed to oauae any 
diaehaige, even tiurouj^ a residual charge of hydro- 
gen gas, which is more easily permeable by the dis- 
bhaige than air. At the height of 124 miles the 
pressure would amount to only the O’OOOlrmillionth 
of an atmosphere, a rare&ction so extreme that it 
would be impracticable for any kind of electrical dis- 
chaige to take place through it. The height of 281 
miles, which hw been sometimes spoken of as being 
the probable seat of an auroral display, would pre- 
amt a tenuity of air forty thousand million times 
as great as.t^t which would attain at 124 mile«. 
From these considerations the conclusion has been 
drawn that thirty-eight miles is most probably the 
height at which the most brilliant auroras take 
place, that a pale and faint glow may possibly be 
]>rodooed as high even as eighty-two miles, but that 
at a height of 124 miles no auroral discharge is 
possible. 

The character of the discharge does not appear to 
be appreciably affected by the nature of the metal 
tiueugh which it is made, excepting that a terminal 
of aluminium seems to give a somewhat lengthened 
spark. The intermissions in the discharge are more 
marked at the positive terminal than they are at a 


iMg^atiue pole. Dr. De la Bus ealoidatod Halt m. 
some cases there may possiUy be thousand cf 
millions of dwhatges ^mthe negadve termiittlm 
a second.* The form which the segments ei .the 
luminous stratification assume varies (xmsidmalfiy 
with the nature of the residual gas. The segments 
are disc-like, with cyanogen and carboiw acid, and 
of an umbrella, saucer, or tongue-like shape, with 
hydrbgen. The number of the strata in any given 
disdhaige is, within certain limits, increased as the 
pressure of the residual gas is reduced, and also as 
the strength of the electrical current is diminished. 
The condenser proved to be a very serviceable ally 
in prosecuting the experiments with alterations in 
the strength of the discharge, because it was found 
that it continued to discharge itself with a progres- 
sively d im i nis h ing intensity, after it had been quite 
disconnected from the battery, for something like 
ten minutes, so that the varying phases of the 
luminous stratification could be marked as the 
charge ran down. 

One of the most notable of the results that Dr. 
De la Hue has secured by his skilful employment of 
this splendid piece of electiical apparatus, perhaps, 
is that he has made the luminous discharges within 
the vacuum tubes photograph themselves by their 
own light, so that very exact and durable records of 
their individual peculiarities have been in this way 
procured. 


THE HEART AND THE BLOOD. 
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O NE of the first (^servations anyone makes 
regarding his own life-history, is that in 
tSvery part of our frame there exists a red fluid 
—the blood — ^whidr flows from our bodies when ' 
these happen to be wounded, and which, more- 
over, is mysterioiuly connected in some fashion 
me other with the maintenance of life itself When 
the child pricks its finger with a pin, it becomes 
aware of the existence of this fluid, and views the 
flow thereof from the miniature wound with feelings 
of alarm. And, by common consent, the loss of this 
fluid has come to be r^;arded as one of those 
exigencies life which it is but right and proper 
we should do our very best to avoid. A kind of 
elementary physiology is thus acquired in early life 
^rong^ the media which the common , accddepts 


of daily existence present. Everyone, gentle or 
simple, tacitly repeats the Smptural idea that the 
blood is the Ufe,” and recognises that statement as 
a plain recital of a paramount &ot of our existence. 
Unfortunately, however, the search after a know- 
ledge oi our bodily belongings is apt to end with 
the elementary facts just detailed. How blood 
flows, what is the use of its flowing, or why, 
indeed, it flows at all, are questions which are but 
too rarely asked in common life. And yet no more 
interesting field of inquiry exists than that which 

* This estimate wae made by watehing the appeanaeee «f 
the disohaige in a rapidbr revolving miiror. Bre^ ooidd he 
distinctly seen in the image of the poritive disebuge when the 
negafive diseharge presented itself as a oontinnous sheet of 
light 
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iSm^ wiStk iihe wbepidtm^ and medumism of 
Ikoairt^ and witii tlie maxm^ in which the vital 
atream ia diatrilmted throughout the living fame. 
!fhat the heiat is oonoemed in, this process of dis- 
tributiug blood through the body is a &ct we learn 
more by intuition than by actual knowledge or 
experiment Possibly, in the minds of many the 
exact functions of the heart still form a veritable 
myst^, and this for the plain reason that in 
ancient times the heart was regarded, and perhaps 
not unnaturally, as the seat of mind. The ancients, 
ignorant of the manner in which blood was dis- 
tributed through the body, were yet aware that 
the beating of the heart responded to the emotions 
which coursed through the mincL They knew then, 
as we know now, that the heart increases its pulsa- 
tions under joy, and slows them under sorrow ; 
whilst its beat may well-nigh bestilled entirely under 
the dominance and sway of terror and fear. It was 
not wonderful, therefore, that the heart itself should 
come to symbolise the mind so completely, that 
even in these latter days we are accustomed to 
speak of good-hearted” and bad-hearted” persons 
— ^meaning all the while the ‘‘minds” of the 
subjects concerned, and not the central organ of 
the blood-system. 

To the question, “ What is a heart ? ” which may 
very properly preface all our inquiries into the 
history of the organ, we may at once reply— a 
hollow mvsole. Axiy heart, no matter how com- 
plex, or how simple its structure may be, corresponds 
to tliis description. It is, firstly, “hollow,” that 
it may allow blood to pass through it ; and it is, in 
the second place, a “ muscle,” that it may contract, 
and so expel the blood from its hollows or cavities, 
or ohambere^ as they are also called. 

When we say that the heart is a muscle, we make 
a statement of the utmost importance in respect of 
the essential nature of the organ. We thereby 
indicate that it is of essentially the same nature as 
the ordinary flesh of our bodies, which clothes our 
bones, and by means of which we perform all the 
ordinaiy movements of life. Tb^us to say that a 
heart is a muscle, means that its movements, how- 
ever complex they may seem, are in reality of 
exactly the same nature as those by which we move 
our fingmr in writing a letter, or as those by which 
we wink an eyelid, or take a step in walking. 
Much of the mystery attadiing itself to the idea of 
a heart is therefore dispelled by this first observa- 
tkm. Its morion, so fbr from being utterly unlike 
that of any other organ in the body, is found to be- 
long to the category of the commonest movements 
226 


which characterise th^ higher forms of animal fifii. 
Examining Ihe substance of any hearty wefiiobd tha£ 
substance to be “ flerii,” or “ musde,” as the anato- 
mist ienns it. Whoever has seen the heart of a 
bullock, or other animal, hanging in a butcher’s 
shop, knows that the substance of the organ is ex- 
actly similar to that of the meat or “muscle” we 
eat. If we place a few fibres (Fig, 1) of the heart’s 
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A. Fibre! maffnlfied. ibowtng eroiB itrle Janctlon! ; b, further enlarged, 
•howlng diviaiona into •eparate nucleated portion!. 

substance under the microscope, we speedily discover 
that in all essential points its fibres resemble those 
of the flesh of the animal to which the heart be- 
longs. The resemblance, indeed, is closer than at 
first sight we might expect. For, as the ordinary 
muscles of the animal are under the command of its 
will, and as the heart is entirely involuntary, and, 
as such, lies beyond the command of the will, we 
might expect its structure to resemble that of those 
muscles which are involuntary. In other words, 
instead of the fibres of the heart resembling those of 
such muscles as the leg or arm muscles, we might 
expect its fibres to agree with those of the involun- 
tary muscles of the stomach or blood-vessels. But as 
we find the muscles of the legs and arms to possess 
s^ped fibres of this nature, so we discover that the 
heart’s fibres are likewise striped in their structure. 

We thus lay a plain foundation for a further 
study of the heart, when we remember that it is, 
from first to last, simply a muscle; and that, secondly, 
itsstruoturecorrespondsessttitially with that of every 
ordinary musde of the body. The heart thus per- 
forms its work because, like every other musde, it 
can contract — that is, it possesses the power of 
shortening its fibrea In so doing, it necessarily 
compresses the hollows or cavities it contains, and 
thus expds the blood which has entered them. 

The heart, like every other organ of the anima l 
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body, undffirgoes a prognMiTa ad^vooe as we pasi 
from lower to higher grades of life. In the In- 
rertebrate aninuJs, at those whic^ do not- possess 
a s^e, the heart varies in oomplezity, as in the 
vertebrate series itself In the -worm group, the 
heart is ‘a simj^e tube, from either extremity of 
whidi blood-vesselB are continued. By its wave- 
like oontraotionB, this simple heart propels fluid 
throughout the animal’s fhma In the insect, the 
heart is a contractile tube lying along the animal’s 
back — a situation it occupies in all ArOvropoda ; to 
which group the spiders, centipedes, and crustaceans 
belong. In the lobster, for example — ^the structure 
of which animal has already been investigated — the 
heart is found to be a simple sac or contractile bag, 
lying just beneath the shell of the back. In the 
mollusca, or shell-flsh group (Fig. 4, A), the heart 
occupies a similar position ; but it varies in com- 
plexity from the heart of the insect and its neigh- 
bonra In the mussels and their allies, the heart 
may be either two-chambered or three-dbambered ; 
whilst in the cuttle-fishes, the heart is more 
complex than in the snails, whelks, &c., as has 
already been detailed in the paper devoted to the 
description of the cuttle-fish class. 

Beginningwiththe fishes, as the lowest membms of 
the vertebrate series, we find them to possess a heart 
(Fig. 2, 4) which consists, in all save a very few, of 
twochambers or comportments. These compartments 
are respectively named auricle and ventricle ; the 
former receiving blood, whilst the latter ca-vity 
propels that fluid from the organ. A frog, as 


representing the seoon4 dass (Amphibia) of the 
vertebrate group possesses, as we have seen in 
a previous paper, a heart consisting of three 
chambers, an additional auricle being added to the 
more primitive heart of the fish. In the reptile group 
(Hg; 3) we likewise find a heart consisting of three 
chambers — ^two amides, right (ra) and left (la), 
and -ventricle (v) — as in' the frog; but in the 
crocodiles the common and single “ventride” 
becomes divided to f<mn two cavities, and thus 
places these reptiles in possession of a fror- 


duudbered heart. Lastly, in Uids and in 
mpeds (indnding man), the heart is fonr-<frambered. 
It consists in these latter groups at two sides, eadi 
divided into an auiide ” and *<ventricla’’ This is 
tiie hi|d^est type 
of heart in the 
animal series; and 
as we shall ob- 
serve, it performs 
more complex 
functions than the 
apparently similar 
heart found in the 
crocodiles and alli- 
gators. For, as 
one heart differs in 
the complexity of 
its structure from 
another heart, so 
hearts are likewise 
foimd to differ in 
the exactfunctions 
they perform. All 
<< hearts” perform, of course, the same broad 
function — that is to say, they are organs devoted 
to the propulsion of blood. But whilst one heart 
is found to perform a comparatively simple function 
in this respect, a second may be seen to possess 
increased, complexity of its dutiea In illustration 
of this frmt, let us select the heart of an insect or 
snail, and compare it -with that of the fish and 
quadruped respectively. In the insect and snail 
(Fig. 4) the heart has but a 
single duty, bo to i^)eak, to per- 
form. In either animal, the 
heart receives pure blood from 
the breathingotgans, and in its 
turn propels this purified (or 
arterial) blood throng the body. 
The heart in insect and snail 
may, therefore, be appropriately 
called a systamie heart It drives 
pure or arterial blood throughout the ** system,” or 
body ; and this, moreover, is its only duty. 

Turning now to the heart of the fitii (E^. 2), we 
shall find that organ to perform a function of equal 
simplidly, but of an exactly opposite kind. The 
fiah-heart is two-diombered, and consists, as we 
have seen, of an auride and ventiicle. Impure 
or vmtons blood, which, having nourished the 
body, is destined to pass throng the gills — there 
to be purified by receiving oxygen, and getting 
rid of waste matters — ^is receiv^ into the auiiele 



^ J MHIIIlllglUljijjUjIji ~ .r . - I V 

Fig, 2.— Hofft aiid dronUtlon of ft Fitb. 
k, heart ; ad, bulliua arterittaua; ff. gill-arcbca ; a, dorstl artery; % donal rein. 
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#0 iMsii ia the #ak Krom the auxide, tibe is divided into aa anzide (and a veutiide), ao *>»•* 
Idood pawas into the veatnde, and by tl» ventricle each aide eaamtially oonmponds in fundameBtal 
It ia ^Kfidled into die blood-vessda, whidi atrootore 'with the heart of the ""mI and ‘with that 
tibdr fara^hing and ramification, form the eaamitiid of the fiah. Blood can paas fredy from the auride 
{larte ol the gilla, being purified in the gilla. of each aide into the coneqionding ventricle, jnat 
fhe Mood now leavea tibeae organs and paaaea aa the peraon in the front room of each villa can 
into the main arteriea, to be diatributed thna- paaa into a back room thereof. Beaxii^ in mind 

theae aimple details, let tia now trace the coutae 
of the circulation in quadrupeds and birda What 
can be detailed in a few momenta, it is profitable 
to remember took centuries to disoovm*. It was 
only in 1619 that William Harvey placed the 
oomeivatone upon this particular physiological 
edifice by teadiing the true course of the blood 
throu|^ the body, after laborious experimental 
investigation upon both li'ving and dead awintda. 
It matters not, of oourae, at what special point of 
the circulation our researches begin, inasmuch as 
the essential idea of a “ circulation ” will naturally 
Fig. 4.— Heart and Cirouiatiou of invest US with the belief that we shall arrive in 

», heart 100 . main aiteriei;*v,veiM. due course, and after oui* physiological journey, 

at our starting-point again. 

wise to the body for nutrient purposes. Thus For the flow of blood 
the only blood which glasses through the heart is not like the flow of 
of the fish, is venous or impure blood. In this 'water in a river. The con- 
respect alone, it is opposed to that of the insect stituent parts of the blood 
and snail Then, secondly, as we named the ‘‘go the round” of the 
heart of the latter 's^sfemte, because it sent blood body many times in snc- 
to the system, we term the fish-heart a hxmehial cession ; many particles 
or venous Mart, because it is solely occupied in being worn out and cast 
sending blood to the gilla It follo'ws, therefore, off in the course of even 
that a heart in lower animals (e.p. snail) may either a single round,” whilst 
send pure blood, which it receives from the breath- new parts are continually 
ing-orgaus, through the body ; or it may conversely, being added from the 
(as in the fish) send impure blood, which it receives materials supplied by the 
from the body, 'to the breathing-organs for puiifioar food, 
tion. B^inning, for conve- 

Let us next inquire in what respects the heart of nience sake, at the lungs, ud 

man, birds, and quadrupeds differs from these more we find pure or arterial 
elementaiy organs of the drculatioa Firstly, it blood passing fixim the 
becomes evident from a very cursory examination lungs into (1) the 10 awru 
of man’s heart — ^taking the human heart (Fig. 5) as de (a) of the heart. From 
the type of the highest development of the organ — the left auride the blood 
that it is in reality a doable heart It consists of is sent into (2) the 10 
two skies — a right and a left side-^^mpletely shut vsTitnofe (i). This latter Siff.'S;; 
off from one another. In this reqieot it is like cavity, in tom sends it out 
two semi-detached ‘villas, whidi, though built throng (3) ike bo^ (g), to 
together, are yet separated by a oonmum at pai^ all parts of which it is 

tttion wall into two essentially distinct tenements, conveyed by the mrterisB, m 

Blood cannot paas from the right to the left side and their minute branches, mom <a tiw^S 

direotly, at vies vend, any mare than the reeidoit the eapiUariet. In dne 
in the one .‘villa can visit his ndghbonr through time, and having performed its rmtiient mission, 
the partitkm-walL Each side of the human heart the Mood beocnaes loaded ‘with ‘waste mattem 
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derived from the tissuea No lonj;er of a bright 
red hue, it has become of a dark purple colour. 
It now passes into the veins, to form which the 
capillaries gradually unite. By the veins (/), 
the blood is carried to the (4) right auricle {c) of 
the heart From the right auricle it passes into 
the (6) right ventricle (d). This latter chamber 
then sends it to the (6) luTigs (k) ; where, being 
purified it is returned to the (1) le/i auricle 
with which we began our recital of the blood^s 
joumeyings. 

If the preceding account has been duly mastered, 
it follows that the main facts of the circulation may 
be briefly stated thus : — 

Firstly, that the right side of the highest heart 
may be called the venous sUdCy because only impure 
or venous blood passes through it ; or it may be 
named the jmlmxmary side^ because it is concerned 
solely with sending impure blood to the lungs for 
purification. 

Secondly, the left side of the heart may, con- 
versely, be named the arterial side^ because pure 
or arterial blood alone passes through it ; or it may 
be termed the systemic side^ because it distributes 
blood throughout the system ” alone. 

Thirdly, the right side of man’s heart thus cor- 
responds, in function, with the whole heart of the 
fish ; and the left side of man’s heart agrees, in 
function, with the whole heart of the snail. In a 
word, the higher heart unites in itself two distinct 
functions. It is anatomically, as well as physiologi- 
cally, a duplex organ. 

If we investigate how circulation is carried on in 
frogs and reptiles, we shall discover that the inter- 
mediate condition betweenapurely venous and purely 
arterial heart is therein illustrated. Both auricles 
(right and left) in frog and reptile (Fig. 3) open into 
the single ventricle. Whilst the rightauricle receives 
impure blood from the body, the left receives pure 
blood from the lungs. Both pure and impure cur- 
rents meet and mingle in the ventricle, which, in 
its turn, distributes this mixed fluid at once to 
lungs and body. Practically, thei'O exist arrange- 
ments, in the frogs especially, whereby pure blood 
is sent to the head at least. But notwithstanding 
these special arrangements, such a circulation as 
that just noted, is decidedly inferior to the perfect 
double circulation of quadruped and bird. 

When the structure of Ae higher heart is ex- 
amined, that organ is found to present a dispropor- 
tionate thickness of its left ventricle. In a sheep 
or bullock, and in bird as well as man, the muscular 
walls of the left ventricle are twice, or even three 


times, the thickness of those of the right; the 
right ventricle having to propel blood merely to the 
adjacent lungs; whilst the left ventricle has to 
propel blood through the system. On the plainest 
principles of natural utility, the latter maintains a 
precedence in strength over the former. It is ex- 
tremely obvious, likewise, that the regulation and 
flow of blood through the various cavities of the 
heart must be subject to the control of structures 
adapted to guide the flow through the various aper- 
tui^es of exit and entrance which exist in the organ. 
Now, in this respect, the heart resembles any ordi- 
nary piece of mechanism through which fluids pass 
in a definite order — such as a pump, for instance. 
As means exist in a pump for preventing the reflux 
of water into the cistern or well, so means have been 
contrived by nature for the prevention of any back- 
ward flow of blood in the heart Thus, when the left 
auricle of the heart (Fig. 6, la) contracts, blood is 



Fig. 6.— 'I>i88eotion of Left Side of Heart of Man, showing Valres. 

LV, Left Ventricle; LA, Left Auricle; mu, Mitral Valve; pa. Pulmonary 
Artery; av, Semi-lunar Valves of do.; on, Aorta; at;', Semi-lunar Valves 
of do. 

forced, as we have seen, into the left ventricle (lv). 
When the ventricle contracts blood is forced therefrom 
into the main artery (or aorta, oo), whose branches 
lead the blood everywhere throiigh the body. What, 
it may be asked, prevents the blood from going back 
into itie auricle when the ventricle conti’acts ? And 
what prevents blood from returning into the ven- 
tricle when that chamber has just forced * it 
outwards into the main artery 1 Exactly similar 
queries might be made with reference to the 
right side, of the heart In both cases the answer 
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would be aimilar to that which replied to the ques- 
tion how the flow of water through a pump is 
regulated. In a word, the flow of blood, like the 
flow of water, is regulated by means of valves. 

Between the auricle and ventricle of each side 
are placed certain flaps or folds of the lining mem- 
brane of the heart These flaps, existing to the 
number of two on the left side, form the bicuspid or 
mitral valve [mv). On the right side three flaps simi- 
larly form the tricuspid valve, which exists between 
the right auricle and right ventricle. These flaps 
fall back into the ventricle like so many swing- 
doors as blood pours into that cavity from the auricle. 
As the ventricle fills, the flaps are floated up on the 
blood, until their edges meet, when they form a cross 
partition, separating ventricle below from auricle 
above. A series of strong cords (Fig. 6, ^), bind the 
flaps to projections of the wall of the ventricle 
below (cc), and allow the flaps to be floated up just 
sufficiently far, and so that their edges meet exactly 
to form a barrier to the blood. Thus when the ven- 
tricle contracts, the blood cannot pass back into the 
auricle, and its outward flow is thus duly provided 
for. Similarly, two sets of semi-lunar valves (sv, sv*) 
prevent the return of the blood into the right and 
left ventricle respectively. These latter valves con- 
sist each of three pockets, placed in a circle at the 
entrance to the great vessel which leads from each 
ventricle. The pockets open away from the ven- 
tricle, so that blood readily passes upwards, and 
past their moutha If, however, any reflux of blood 
takes place the returning blood fills the pockets, so 
that by their distended edges meeting in the centre, 
they effectually block up the backward passage to 
the ventricle. 

The discussion of the nervous regulation of the 
heart, along with other and equally interesting 
matters, lies outside the scojie of the present paper. 
It may, however, be permissible to refer to two 
^X)ints of general interest in connection with the 
circulation at large. The first of these latter points 
refers to the fact that although the' heart of an 
animal seems to work continuously, it nevei^theless 
has its periods of rest. The lines which declare of 
the heart — 

“No rest that throbbing slave may ask, 

For ever quivering o’er his task,” 

are decidedly erroneous, if their meaning be that 
the heart has no release from its task. That organ 
has a period of rest alternating with every stroke 
of work. Each stroke of a man’s heart occupies 
about half a second of time, and the interval or 


rest is of the same duration. The heart, in fact, is 
in the position of a workman who takes his rest in 
short naps between his spells of work. Of the 
muscles of breathing the same remark holds good, 
with this diflerence, that the periods of rest and 
work in their case are five or six times as long as 
those of the heart. Measuring the heart’s daily 
work, we arrive, by mathematical calculation, at 
the surprising result that if we could gather into 
one stroke or lift the entire force expended by a man’s 
heart in twenty-four hours, we should be able to 
lift 124 tons one foot high (Haughton). That is 
what is meant by saying that the work of the heart 
in twenty-four hours, is 124 “foot tons.” 

The second and concluding point to be referred 
to concerns the uses of the circulation. The first 
use subserved by blood being everywhere sent 
through the body is that of distributing nourishment 
(in the shape of the elements derived from the 
food) to all pai’ts of the body. A second use of the 
circulation is the distribution of heat, Thiixlly, 
comes the d/rainage aspect of the circulation, in 
that the return flow through the veins carries to 
the lungsy sTdn^ and kidneys waste matters, which 
are there got rid of. This constitutes the work of 
excreticm. And fourthly, as the circulation cames 
blood to the various glands — such as the liver, 
salivary glands, gastric glands, ifec., which re- 
spectively manufacture or secrete bile, saliva, and 
gastric juice — this latter use of the blood-currents 
is seen to be of high importance, inasmuch as, from 
the blood supplied to them, these glands manufac- 
ture fluids of use in digestion, and other bodily 
processes. This latter function of the circulation 
constitutes the work of secretion. 

Last of all, a very important question may 
be asked in relation to the circulation, namely, 
what is the nature of the fluid which the heart 
propels along the vessels] This question may 
be answered in various ways. We may inves- 
tigate the blood chemically, microscopically, or 
physically; that is, as to its material properties 
as a fluid. The microscopic examination of the 
blood reveals the astonishing fact that its red 
colour, so far from being a veritable reality, is due 
simply to an optical illusion, if we may so term it 
When a thin film of blood is placed beneath the 
object-glass of a powerful microscope blood is seen 
to consist of a fluid as clear as water — ^the serum 
or plasma — and of an enormous number of bodies 
— ^the corpuscles — floating in this fluid. These 
corpuscles are of two kinds — red and white. The 
white are infinitely less numerous than the red| 
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and exist in the proportion of 1 to 400 or 600 of 
the latter. The red are so numerous that the un- 
assisted sight, being unable to discern between 
them the clear serum in which they float, rego^rds 
blood as a uniformly red fluid ; whereas the truth 
is, blood is really colourless, and derives its red 
colour from the myriads of red corpuscles which 
float in it. In the blood of many animals — of 
winch the lobster is a good example — there are no 
red corpuscles. The blood in such a case contains 
white corpuscles, which, in lobster as in man, ex- 
hibit those peculiar movements called amoeboid 
movemerUSy and which have already been described 
in a previous paper (Vol. IV., p. 108). In man 
the red corpuscles each average in diameter about 
the one-three-thousandth of an inch. The white 
corpuscles are slightly larger, and contain, besides, 
a central particle called the nucleuSy which is 


wanting in the red globules. " The blood-oorpusoleB 
of the frogs and their neighbours are amongst the 
largest that are known. 

Chemically, blood may be said to present us with 
an epitome of the body’s composition. Since its 
function is that of repairing and replacing the waste 
of the body, we should naturally expect to find in 
the blood the elements (derived from the food) of 
which the body is composed. Blood is thus found 
to be largely composed of water, albuminous 
matters, minerals, and other substances. Physically, 
blood clots or coagulates, as every one knows, when 
drawn from the living body. This result aj)- 
pears to be due to alterations which take place in 
the fibrin of the blood ; this substance entangling 
the red corpuscles to form the “ clot,” which sinks 
to the bottom of the vessel, and leaving the serUm 
or fluid portion to float above. 


A BEE-HIVE. 

By F. Buchanan Whitb, M.D., r.L.S., etc,, 
Examiner in Natural History, University of Aberdeen, 


T he bee is one of the most fortunate of insects, 
for, unlike most of its class, having a practical 
bearing,” it has obtained more attention from 
naturalists than even its interesting economy would 
have atti'acted, and repays, in a tangible form, the 
care that man has bestowed upon it for his own 
profit and pleasure. 

It is almost unnecessary to remark that the 
legitimate inhabitants of a bee-hive comprise four 
sets of individuals — namely, the queen bee, the 
workers, the drones, and the young in their various 
stages. Upon the workers all the labour, both in- 
side and outside of the hive, devolves. The function 
of the queen is simply to lay eggs ; while that of 
the drones is to fertilise the queen. Emowing this, 
we can begin our observations, and select for that 
purpose a hive in early spring, when the bees are 
commencing to resume their active work. The 
inhabitants of the hive in question are a queen bee, 
and a more or less numerous body of workers. The 
latter, warned by the increasing sunshine that the 
time of flowers has come, will probably soon begin 
to prepare the waxen cells known to every one as 
honey-comb. The way in which these cells are 
formed has not only been most carefully studied, 
but has given rise to numerous controversies, into 
which we need not enter, but content ourselves with 


briefly describing the chief points in the work of 
construction. 

Amongst the worker bees are two sets of 
individuals, one of which is chiefly employed 
in elaborating the wax and in laying the foun- 
dations of the combs; while the other set, the 
individuals composing which are somewhat smaller 
than the wax-producers, complete the building of 
the cells, collect honey, and feed the young. For 
the production of wax, the wax-producing bees fill 
themselves with honey, and then rest without 
moving, but suspended to each other in a series of 
festoons (Fig. 1) for about twenty-four hours, during 
which the formation of wax is going on. The wax 
appears in the form of thin scales, which lie in the 
wax-pockets, as certain membranous bags situated 
between the rings of the under side of the abdomen 
are called (Fig. 2). Of these pockets there are eight, 
and the wax is formed by chemical changes in the 
honey that has been swallowed by the maker, and 
exudes through the thin membrane of the pocket. 
When the wax has been produced the worker goes 
to the place where the comb is being made, or is to 
be made, and clears a space to work in by turning 
itself round ; it then seizes a scale of wax with one 
of its hind legs, passes it on to one of the front 
legs, which conveys it to the mouth, where it is 
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chewed, and mixed with a frothy exudation, till it has be remembered that Hie combs hang perpendicularly, 

acquired the necessary pliability and tenacity. The with the mouths of the cells horizontal. 

bee then deposits the morsel of prepared wax against The wax-producers having laid down the supply 

of wax, the other set of workera come and 



Fig. 1.— Wax-Producers during the time the Wax is being formed. 


begin the moulding of the cells (Fig. 3). 
The comb, as already said, is to hang per- 
pendicularly, and forms, as it were, a sheet 
of wax, the two faces of which are covered 
with cells, the bottoms of the cells of the 
one side being in close approximation to the 
bottoms of the cells of the other. The cells 
are fashioned by the builders in the follow- 
ing manner : —A bee takes up its position 
about the middle of the little wall of wax 
left by the wax-producers, and moulds with 
its mandibles a cavity to form the base of a 
cell. After working for a few minutes it is 
succeeded by another, who continues the 
work, deepening the hole and heightening 
the walls. After a time this bee gives place 
to another, and so on in succession, till 
perhaps more than twenty bees may have 
been engaged at this one cell. After this 
first cell has attained a certain size other 
bees commence, on the opposite side of the 
wall of wax, with the foundations of two cells, 
and continue working at them in succession 
till a certain height has been reached. The 
work is carried on till all the bases of the 


the place where it is to be fixed, and then proceeds 
to prepare the rest of the wax that she has secreted, 
till all is used up, when she retires, and her place 
is taken by another. In this manner the founda- 
tion of a new comb is laid, and is in effect a single 



Fig. 2.^Bee, with the Plates of Wax appearing between the Seg- 
ments of the Abdomen, {uagnijied,) 

line of wax, about a sixth of an inch high, a 
twenty-fourth thick, and about half-an-inch long, 
depending from the vault of the hive, for it must 


first row of cells have been accurately formed, after 
which they are polished, while other bees are com- 
mencing the second row. In the meantime the 
wax-producers have been busy laying down fresh 
wax for the builders to work with, and so the comb 
increases both in length and breadth, till it finally 
assumes the parallel-sided form that it possesses 
when finished. After the bases of some rows of 
cells have been made and polished, the next work 
is the construction of the walls of the cells, which 
is done by the builders in the same manner as they 
formed the bottoms of the cells. It is to be noted 
that the cells of the first row are 6ve-sided, but that 
those of the other rows are six-sided. And now we 
must very briefly allude to a matter which has given 
rise to endless debate amongst students of bees. 
The questions in point are, are the cells mathemati- 
cally exact ? could one bee alone form such a cell ? 
and are the bees guided by intelligence or by “ in- 
stinct ” 1 On all these matters very diverse opinions 
have been advanced ; and it is only by comparing the 
work, and the manner in which it is done, of the 
honey-bee with that of other bees and wasps that 
any sound conclusion can be anived at 
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In the first place, as to tlie mathematical exactness cussion, though they may not be mathematioally 
of the hexagonal cells. It was for a long time con- exact, are at least admirably calculated to economise 
sidered that the cells were exact ; but it has now both material and space. They are six-sided, with 
been proved that such an exact cell exists only in the base composed of three lozenge-shaped pieces, 
theory, and that the cells ai’e all more or less imper- and so arranged that the base of a cell on one side 
feet.* In the second place, could one bee alone form is formed of portions of the bases of tliree cells on 
an hexagonal cell ? This is a matter which is doubt- the other side of the comb. 

ful, but some authors think it probable that if a The foundations of only one comb at a time are 
single bee constructed a cell it would be round, and laid, but when the first comb has attained a certain 
not six-sided ; while others, arguing from the cells length another comb is begun on each side of it, 
constructed by certain wasps, think that a single bee enough space (about half-an-inch) being left 

between each comb, 
to allow free passage, 
and room for work- 
ing. 

The ordinary six- 
sided cells vary some- 
what in size, accord- 
ing to the use to 
which they are to be 
put. The purposes 
for which they are 
constructed are, first, 
as nurseries for the 
young ; and second, 
as store-rooms for 
food. The cells in 
which the larvce of 
the workers are to be 
reared are about 2f 
lines in diameter, 
Fig. 3.— Cells in Process of Construction. while those for the 

larvae of the drones 

is quite capable of constructing hexagonal cells, or males are about 3^. The latter kind of cells 

To the third question we have asked, “Do the are usually, but not always, situated about the 

bees work intelligently, or are they guided by middle of the comb, and the bees in constructing 

instinct ? ” the opinion of the late Mr. Frederick them gradually increase the size of the worker-cells 

Smith was that they work intelligently, and one of in the intermediate rows till the necessaiy size is 

his chief arguments in favour of the intelligence reached — ^that is to say, there is no abrupt tran- 

is that they readily make use of the artificial nidi- sition in size between the worker and the drone 

meiitary comb that modern bee-masters are in the cella The cells in which food is stored resemble 

habit of supplying to their bees. This artificial other cells (which, in fact, are also used for this 

comb consists of a sheet of wax, on each side of purpose), but are usually rather deeper. When the 

which is impressed a series of pyramidal hollows, supply of honey is abundant the bees often increase 

representing the bottoms of the cells.' On these the capacity of the honey-cells by adding a rim to 

the bees readily erect the cell walls, just as if they them. 

themselves had formed the bases of the cells. Mr, In addition to these hexagonal cells there is 
Smith was thereby led to form the opinion that we another kind of cell, in which the larvas that are 

should cease to stigmatise the bee as a “ mere to produce queens are reared. These are quite 
machine.” difierent in form and size, being considerably larger, 

The cells, which have given rise to so much dis- and pear-shaped (Figs. 4, 6). They are also not 

* Wyman : “ Proceeding* of American Academy of Arts placed horizontally, like the other cells, but verti- 

and Sciences,** 1806, cally, with the mouth downwards, and are generally 
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attached to the lower edge of the combs. In for 
number, they vary from three or four up to thirty dai 
or more. These cells are not composed of such th< 



I'ig, 4.— Interior of Hive, showing Position of the Combs. 


fine wax as the ordinary cells, but of much coarser 
stuff, and they require about one hundred times as 
much material. 

Having now seen the nature of the habitation 



Fig. 6.— Eoyal CeUs. 


that the bees construct for themselves, we must 
take a glance at the manners and customs of the 
inhabitants of the hive, and, without any disrespect 

227 


her majesty the queen bee, will begin with the 
iy life of the workers, as it is by them that all 
labours of the community are performed. Their 
work is to construct the interior of the hive 
the combs), and keep it in order, to collect 
food for the community, and to nurse the 
young. 

The cells having been constructed in the 
way we have seen, the bees lose no time in 
making use of them. When the queen is 
moving about laying eggs — which are de- 
posited one in each cell — she is attended by a 
small retinue (four to twelve) of workers. If 
from scarcity of cells, or some other cause, the 
queen, as sometimes happens, lays more than 
one egg in a cell, the workers in attendance 
are careful to remove all but one. When the 
eggs hatch the labours of the worker are in- 
creased, for they have to see that there is in 
each cell, along with the young grub, a suffi- 
cient supply of bee-bread. This bee-bread is 
composed of the pollen of flowers, which the 
workers are incessantly engaged in collecting, 
and storing up in cells in anticipation of the 
needs of the young brood. Before being given 
to the grubs, the bee takes the pollen into its 
stomach, where it is probably mixed with honey, and, 
in addition, undergoes some chemical change. It 
is then regurgitated in the form of a whitish jelly, 
and a sufficient quantity placed in the cell with the 
larva or gi’ub. If we watch a piece of comb in 
which there is a young brood we may see bee after 
bee examining the cells to see if there is enough 
food in them, and where the food has been all con- 
sumed a fresh supply is deposited. When the 
grubs have attained their full size the workers seal 
the mouths of the cells with wax, the lids being 
nearly flat in the case of workers, and convex in 
that of drones. After that, the labours of-the workers 
cease as regards these ; for the young bees, when 
arrived at the adult state, are able to extricate 
themselves from their cocoons and from their cells. 

In addition to their nursing duties, the workers 
are the purveyors of food for the community. The 
materials used for food are the nectar and the 
pollen, or dust of the anthers, of flowers ; but in 
addition to these they collect a substance called 
propolis, a kind of resinous matter not unfi-equent 
on the buds of such trees as the poplar and birch, 
— j jg used for giving a finish to the combs, 

and for stopping up crevices. Like the pollen, it 
is carried on liie brocidened tibia (pollen basket) of the 
hind leg of the bee (Pig. 6). When a bee returns 
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from an excursion she hastens to deposit her load. 
The honey that she has swallowed she disgorges into 
the cells prepai*ed to receive it, first breaking with 
her front legs the thick skin that has formed on 
the honey already in the cell. It requires the con- 
tents of the honey-bags of a good many bees to fill a 
cell. Some of the cells containing honey are left 
open for daily use, but others are sealed with wax, 
and reserved as a store for the season when no 
honey can be collected. But a worker on returning 


from an excursion, does not invariably disgorge her 
load of honey into the honey-cells. Some of those 
who have been working at home are probably in 
need of food, and she employs part, or the whole, 
of the honey she has collected in feeding them. 

As for the pollen brought back, it is disposed of 
variously, as circumstances may direct. The bee 
frequently summons others to her assistance by 
fiapping her wings, and she and they then proceed 
to empty the pollen-baskets on her hind lege, and 
prepare the jelly, mentioned above, which is then 
used as food both for feeding the. young brood and 
the adult bees. If, however, no bee-bread is re- 
quired at the moment, the pollen is stored up in an 
empty cell ; tlie laden bee puts her two hind legs 


into the cell, and pushes off the pollen with the 
intermediate pair of legs. She (or, if too fatigued 
by her labours, another bee) then enters the cell, 
and packs the bee-bread into as small a space as 
possible. 

In addition to these duties, the workers keep 
the hive clean, and also attend to the ventilation. 
The latter is a very important duty, when we think 
of the great number of individuals inhabiting a con- 
fined space, and is effected by the vibration of the 
wings. A certain number of 
bees stand outside the entrance 
to the hive, while a still larger 
number take up their position 
on the floor of the hive, and, 
all vibrating their wings toge- 
ther, set up veiy perceptible 
(as may be learnt from experi- 
ment) currents of air. When 
a bee is tired of this occupa- 
tion its place is taken by 
another, and so a continual 
ventilation is kept up, though 
the amount varies at difierent 
times. 

In watching the proceedings 
in a hive, it will be seen that 
bees sometimes go to empty 
cells, and enter them head- 
first, leaving only the ends of 
their bodies protruding. In 
this position they stay for a 
considerable time, and there 
is good reason for supposing 
that this is their way of 
sleeping. 

Nothing has been said as 
yet about the use that bees 
make of the formidable stings with which they 
are armed. These are primarily weapons of defence, 
for it sometimes happens that bees from one 
hive will attack and rob another hive, and fierce 
battles then ensue between the robbers and the 
robbed. Another use of the stings is to kill the 
male or drone bees when they have ceas^ to be of 
use to the community; and we will now proceed to 
a brief sketch of the life-history of the latter. As 
already said, the cells in which the drones (or, 
rather, the ordinary-sized drones, for, like the 
workers, there are large and small drones) are 
reared are rather larger than the worker-cells, but 
in other respects their early history is simi la r. 
When arrived at adult life, the drones do not take 
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any* part in the work of the hive ; and, in fact, 
their span of life is not very long. The pairing 
vdth the queen, or queens, takes place outside the 
hive, and after that has been accomplished the 
workers fall upon the drones, and put them to death 
by stinging them, after which their bodies are 
dragged out of the hive and flung away. After 
this massacre the workers search out any male 
pupsB that may be left in the drone cells, suck the 
juices out of their bodies, and drag them out of the 
hive. 

The life-history of the queen bee has now to be 
considered. As mentioned above, tlxe larvae that 
are to result in queens are reared in larger and 
different-shaped cells from those in which the 
workers and drones are brought up. But, in 
•addition to this, queen larvae are fed upon a different 
and more nutritious food than the other individuals, 
and it seems to be entirely due to this food, as well 
as to the larger and differently-shaped cell, whether 
the larva will result in a queen or in an ordinary 
worker. When we consider how different, in many 
respects, the queens and the workers are, this seems 
very curious ; but it must be remembered that the 
workers (like the workers amongst ants) are really 
females, only less developed, and that in some 
instances they are, able to produce eggs, which re- 
sult, however, only in male progeny. But that the 
same kind of larva can be brought up so as to 
result in a worker, or in a queen, is capable of 
direct proof, for in hives that have accidentally lost 
their queen, and where no queen larvae are being 
reared, the workers select some of the ordinary 
worker larvae (from one to three days old), and feed 
them with the special queen food, or royal jelly, 
and thus raise up a new monarch. In addition to 
this special food, the larger size and different form 
of -the cell, as well as its supposed higher tempera- 
tui*e, are said to be factors in changing the destina- 
tion of the larva so treated. It is said, however, 
that queena'jlK) reared (that is to say, which have not 
been trecU^/as queen larvae from, their earliest 
infancy) in a slight degree from those bom as 
queena 

In the preparatory states (egg, larva, and pupa), 
the queen takes a shorter time than the workers 
and the drones; they requiring, respectively, twenty 
and twenty-four days, while she needs only sixteen. 
There is als6 a difference in the cocoon spun by the 
queen larva. The worker and drone larvee make 
cocoons which completely envelop them ; but the 
queen larva covers only the head, thomx, and first 
segment of the abdomen. 


When the queen has nearly arrived at the adult 
state, and the pupa is approaching maturity, the 
workers, who have made the wax at part of the cell 
so thin that the state of matters within can be 
readily ascertained, are very careful to watch that 
she does not make her escape before it is desirable 
that she should do so. The reason why they do 
this may be one of several ; but before mentioning 
these we must notice the phenomenon called 
‘‘swarming.” When the population of the hive 
has increased beyond the capacity of the structure 
to hold it, a certain portion migrates to new 
quarters, and the colonists are led by the reigning 
queen. Before, however, she departs to found the 
new colony she lays eggs in the royal cells at inter- 
vals of some days (so that the coming queens may 
not all arrive at maturity at the same time). If, 
however, the swamiing has been delayed for some 
reason, as through inclement weather, it may hai> 
pen that the old queen is still in the hive when the 
first of the young queens becomes adult, and if the 
two were to meet, a battle, resulting in the death of 
one, or both of them, would be sure to take place. 
The workers, therefore, keep the young queen in 
her cell till the old one has departed. But a more 
frequent reason for her confinement is that the 
swarm that the young queen is to lead off may not 
be ready for her, and as, if she was allowed her 
freedom, she would probably proceed to the other 
royal cells, and put to death her younger sisters, 
she has to be kept a prisoner. When, at length, she 
is allowed to get out, the guard of workers still 
attend her, and prevent her, if necessary, from 
approaching the other royal cells. If, however, 
more queens are not required, she is permitted to 
search them out and kill them. It sometimes 
happens that two or more young queens are at 
liberty in the hive at the same time. When they 
meet they invariably fight, and the survivor reigns 
in peace. The queen W has the power of uttering 
a peculiar sound, which has a remarkable effect upon 
the workers, commanding their immediate attention, 
and xuRtally their obedience. It is said that queens 
which have been developed from larvae originally 
intended to be workers, but which, in the manner 
mentioned above, have been subsequently brought 
up as queens, have not the power of emitting this 
sound, nor are they guarded so carefully as the 
ordinary queens. 

The reigning queen is treated by her subjects 
with the utmost care and attentioa She has 
always a retinue of workers in attendance upon her, 
and if by any means the hive is deprived of its 
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queen, and of the means of replacing her, the bees to be unable to live to continue their metamor- 

cease to work, and soon all perish. As we have phoses. Should, however, the bee that they have 

seen, however, they have generally the means of attacked be one of the wild bees whose larvie 
raising up a monarch if required. undergo their metamorphoses in closed cells, in 

Thi8,then,isabrief sketch of the habits within the which a supply of food has been stored up, the 

hive of its legitimate inhabitants. It does not come beetle grub lives at the expense of the bee grub and 

within the scope of this paper to describe the pro- its store of food, and finally, after some very curious 

ceedings of the bees when on their excursions ; but changes of form, arrives at the jjerfect or beetle 

before quitting the subject we must notice some of condition. When a hive bee has been attacked by 

the illegitimate inhabitants of the hive, which are a number of the beetle larvae it may suffer con- 
either parasites on the bees or live at their siderably. 

ex]>ense. Some other beetles are reported to be parasites of 

Amongst the parasites is the so-called bee-louse the bee, but space will not permit of these being 
{Braula cceca)^ a minute flattish insect, which, further alluded to. 

^ough wingless, belongs to the order of the two- Other bee parasites include a kind of mite, which 
winged flies, or Diptera, and is allied to the sheep- is common upon many insects, and also several 

tick, and some other animal parasites. It is blind, intestinal worms of a low type. Amongst the latter 

and clings to the hairs of the bee, and sucks the juices are two hair-worms (Gordius suhbifurcua and 
of its body. It is sometimes said that Braula is a Mermia albicans)^ which are occasionally found 
parasite of the queen bee only ; but this is quite inside the bodies of the drones, though how they 
erroneous. It attacks the workers as well, and come there has not yet been explained. In some of 
though often there is not more than one or two (if their stages these worms frequent water or damp 
any at all) uix)n a single bee, it occasionally hapi)ens places, and there the eggs are laid. It may be 
that the parasites occur in great numbers, and cause mentioned that it is through a species of Gordius, or 
much annojrance to their victima hair-worm, being frequently seen in water that the 

Belonging to the same order of insects (the Dip- curious belief (not yet even altogether exploded) 
tera) is another bee parasite — PJtora incrassata — arose that horse-hairs placed in water will turn to 

which, or rather its larva, is supposed to be one of eels ! These hair-worms, which are not unfrequent 

the causes of the terrible disease known as foul- in various kinds of insects, are often several inches 

brood.” In some, if not in all, cases, the cause of in length, and it is remarkable how they find room 

this disease is, however, a vegetable parasite — a to stow themselves away within the bodies of their 

kind of mould, which, when once established in a hosts. 

hive, plays dire havoc with the brood, and is, more- Among the animals which, as they do not feed 
over, very infectious. on the bees themselves, cannot be strictly called 

The order of the beetles (Ooleoptera) is said to parasites, are some moths which are occasionally 

furnish some other bee-parasites. Amongst these inhabitants of the hive. Of these, the caterpillars 

are species of oil beetles (Meloe), allied to the of two — Achroia alvearia and Galleria cereaua — 

blister beetles or “ Spanish fly ” ^also a parasite in feed upon the wax, and in places where they have 

its younger stages on wild 
bees), whose larva or grubs 
have a very curious life-history. 

The eggs are laid in the 
ground, and the young larva, 
when they emerge, find their 
way to flowers frequented by 

...... Queco. Worker, Male. 

beea At this stage the larvss r.-Domertic BeM Upi. 

are minute, very active, louse- 
like creatures. When a bee visits the flower they established themselves do much injury. They pro- 

spring on to it, and feed on its juices, and may tect themselves from the bees by spinning silken 

be carried into the hive. Having arrived there galleries. Another moth, and one of very laige 

they desert the bee, and eat the honey instead, size — ^the Death’s Head {AcJierontia atropo8\ so 

and so far as the hive-bee is concerned their con- called from certain markings on the back of its 

neotion with it probably then ceases, as they seem thorax having a kind of resemblance to a skull, — 




SEEING BY TELEGRAPH. 


277 


occasionally visits the hives, and feeds on the 
honey, which it sucks up by means of its proboscis. 
The squeaking sound which this moth has the 
power of emitting has been supposed to have a 
similar effect upon the bees as the cry of the queen 
bee, and to prevent attack. In the south of 
Europe this moth is said to visit tne hives not un- 
frequently. 

In addition to these, bees have other enemies — 
such as mice, toads, birds, &>c , — but as their assaults 
are usually made outside the hive, a considei'ation 
of them does not come within the scope of this paper. 

In conclusion, it may be mentioned, that while in 
this paper the habits inside the hive of the common 


honey-bee of this country have been very briefly 
described, there are several other kinds of honey- 
bee which have been domesticated. 

Our bee is the Apis mellifica of Linnseus (Fig. 6), 
and is the common hive-bee of Northern Europe and 
of North America. In South Europe another kind 
— the Ligurian bee. Apis ligustica — is frequently 
kept, and has been introduced into this country, 
and crossed with the common honey-bee. In Egypt 
and Asia Minor another bee — Apis fascifita — has 
been domesticated ; while in other countries yet 
other species are kept, and there are other wild 
bees which might be profitably treated in the same 
manner. 


SEEING BY TELEGRAPH. 

By H. Trueman Wood, M.A. 

Secretary of the Society of AHSt London. 


S INCE the telephone has descended from the 
rank of a scientific marvel to that of a 
commonplace and useful piece of apparatus, there 
has been a demand on the part of the insatiable 
public for some device which will enable it to 
see what its friends ai’e doing, as well as to hear 
what they are saying, at a distance beyond the 
range of the unaided eye or ear. Is there any 
chance of this being effected? and if so, what 
chance? We can only answer, there is a possi- 
bility, but, as yet, no great probability of it. Any 
day some one of our many searchers into nature’s 
secrets may announce that he has found the key to 
the problem ; but in all likelihood it will be by the 
use of some means not yet imagined or discovei’ed, 
rather than by the development of any system 
now in use. Bell found that a plate of iron could 
reproduce every vibration of the human voice, 
and the transmission of speech was effected. If 
anybody will discover a means of reproducing at 
a distant station the variations in the light 
vibrations by which we are enabled to see, the 
ti'ansmission of pictures, or rathe? reflections^ by 
telegraph will become possible. 

Failing, however, such definite successes to 
record, it may be interesting to consider what is 
being done in this direction by several energetic 
workers who are striving in various ways thus to 
extend the limits of human vision. 

The devices which have been employed are two. 
One of them is the invention of Mr. Shelford 


Bidwell, the other of Messrs. Ayrton and Perry 
Before, however, saying anything about the ap- 
paratus, let us consider the pi‘oblem to be dealt 
with. In the telephone we have a transmitter, 
into which the sender of the message speaks. 
This transmitter is connected by wires with a 
receiving instrument, by which the sounds spoken 
into the tmnsmitter are reproduced. Various 
devices are now used in the transmitter, but in 
all, the vibrations of the air caused by speaking 
are made to vary the electrical condition of the 
line wire. These alterations in the condition of 
the line affect the receiver in such fashion as to 
produce vibrations therein, which, by throwing 
the air into motion, cause sounds corresjjonding to 
those which first set the whole system at work.* 
Now, it is not difficult to imagine a similar appa- 
ratus applied to sight instead of sound : a sensitive 
plate or mirror at one end, a connecting wire, a 
second mirror at the other end, capable of being 
so affected as to absorb and reflect light precisely 
as the light is absorbed or reflected fi'om the surface 
of the first mirror. The result would be that the 
image of an object thrown on the first mirror 
would be seen in the second, it might be in black 
and white, as in a photogi'aph, or in all its proper 

* For OUT present purpose it is not necessary to refer to 
the means by which the result above stated is eflected, but the 
reader may be referred to previous pai>ers on the Telephone 
and its allies (Vol. L, pp. 124, 180; Vol. IV., p. 307; and 
Vol. V., p. 147) for a full explanation of tliem. 
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colours. Unfortunately, this- is as yet only a 
philosopher’s dream. Nothing approaching it has 
yet been done, or is likely to be done. Perhaps it 
would not be far from the truth if it were said 
that the great difficulty lies in the fact that the 
impression of sound results from a series of suo 
cessive impulses, whereas the eye, in seeing any 
object, receives a vast number of undulations 
impinging simultaneously upon it. In the tele- 
phone the wliole plate receives and transmits one 
vibration after another, however rapidly they may 
succeed. In our imaginaiy ‘‘ Teleoptical ” appara- 
tus, the plate would receive a great number at 
once, and each on a diflerent part of its surface. 
We cannot well conceive a single wire transmitting 
all these different impulses simultaneously, and we 
must therefore suppose our imaginary plates to be 
made up of a great number of small pieces, each 
piece of one plate in correspondence with the 
corresponding portion of the other plate. We 
should then get a sort of mosaic which would 
represent, with greater or less accumcy, the original 
image, according to the minuteness of the pieces 
composing it. An illustration may make this 
clearer. Suppose Fig. 1 to be a plate made up of 
a number of cells, sensitive to light, and capable 
12 3 4 5 6 affecting a cuiTent 

of electricity passing 
through them. Sup- 
pose Fig. 2 to be a 
plate made up of 
cells — shall we say — 
capable of emitting 
more or less light, 
according to the 
strength of a cur- 
rent passing through 
them. Each cell of 
Fig, 1 is joined up 
electrically with the 
corresponding cell of 
Pig, 2 — 1 with 1, 2 with 2, 3 with 3, and so on. 
We will now throw a dense shadow of a capital 
letter E on the first plate, the part of the plate 
not shadowed being brilliantly illuminated. The 
cells which are lighted will cause the corresponding 
cells of Fig. 2 to emit light, while the cells of 
Pig. 2 corresix)nding to the shadowed cells of 
Fig. 1 will remain dark. Thus we shall get our 
E in mosaic. Now, one-half of our supposition is 
possible,^ the other is not. The reader will 
remember that in a selenium cell we have precisely 
^ ‘‘The Photophone : ” “ Science for AU,” Vol. IV., p. 307- 


?ig. 1.— Diagram showing Mosaic 
for Transmit- 


of Sensitive Cells for 
ting a Ficture. 
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-Diagram showing how a 
"^Is might 


2 . 

’osaic of Sensitive 
reproduce a Picture. 


what is wanted for the transmitter, a device which 
is affected by light in such a way as to offer more 
or less resistance to an electrical current. Unfor- 
tunately we have not as yet any material which will 
act conversely, will emit, or reflect, light, when more 
or less excited by elec- 12 3 4 6 6 

tricity ; and our plan, 
as above suggested, 
must await realisa- 
tion until some such 
material is discovered. 

Pending, however, 
this discovery, Messrs. 

Ayrton and Perry 
have devised a very 
ingenious method of 
exhibiting at one 
station the effect of 
light falling on a 
system of selenium 
cells at another — possibly a distant — station. As 
yet their work has not passed beyond the experi- 
mental stage, and the distance over which they 
have telegraphed has not exceeded the length of 
a lecture-room table. They have, however, demon- 
strated the possibility of sending — shall we say 
shadow pictures 1 — ^by telegraph ; and this is alone 
a remarkable feat. It ought also to be stated that 
the notion of thus reproducing in mosaic the image 
of a distant object, seems to have been quite 
original with them. 

The simplest way, perhaps, of getting a correct 
notion of the somewhat complicated apparatus 
which these inventors suggest should be employed, 
will be to consider the action of one unit of it, to 
see how the amount of light falling on a small 
square surface at Brighton can cause a similar 
surface at London to be illuminated with a corre- 
sponding amount of light. At Brighton we have a 
selenium cell — an arrangement of two wires laid as 
close as possible without touching, and the inter- 
vening space filled with selenium. An electrical 
current flowing through the system traverses the 
selenium more easily when a light is shining upon 
it than when it is in the dark. 

Hence we get variations in the current corre- 
sponding with the amount of light falling on the 
selenium. Such variations can, of course, be de- 
tected by various means. Mr. Bell used a tele- 
phone, and hence his photophone. In j^revious 
experiments a galvanometer had been employed 
Messrs. Ayrton and Perry cause the current to 
open and close a little shutter in a tube through 
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which light is admitted In the end of the tube is 
a lens, arranged to throw an image of a square hole 
on a screen. When the shutter is open all the light 
passes through ; when it is closed no light passes ; 
in the intermediate positions more or less light 
passes. For our present purpose it is not necessary 
to describe precisely the arrangement employed. 
It may be sufficient to say that the shutter is 
attached to a small magnet, arranged like the 
magnet of a galvanometer, so that it is moved by 
the action of the electric current which passes 
through a coil of wire suiTOunding the tube in 
which the shutter and magnet are mountecL Fig. 3 
shows the arrangement. With 
a mosaic of selenium cells at 
one station, and a mosaic of 
receivers such as Fig. 3 at the 
other, there seems no reason to 
doubt that we might get a 
reproduction, at all events, of 
the shadow of an object thrown 

I 

a picture such as could be thrown 
on the screen by a magic lanteim, and the ideal would 
be to reproduce an image such as is formed on the 
table of a camera obscura, or on the ground glass 
of the photographic camera. But when an attempt 
is made to convert theory into practice, difficulties 
multiply. It is evident that even for experimental 
purposes a mosaic with ten cells in a row would 
offer but a limited field. Only very simple 
images could be thus transmitted. Such a square 
screen would requii*e a hundred cells and a hundred 
wires. NoWj the manufacture of selenium cells 
has not yet arrived at such a pitch of perfection 
that a dozen, let alone a hundred, similar cells 
could be readily turned out, while the notion of 
a telegraph line containing a hundred wires is quite 
out of the question. Messrs. Ayrton and Perry 
therefore propose to make a few rapidly moving 
cells do the work of a number of stationary cells, and 
they rely on the permanence of the impression on 
the retina of the human eye for the production 
of a picture. To do this the sending and receiving 
apparatus would have to move in precise unison, 
but it is believed this might be effected. The 
mam idea of the proposal may be drawn from 
the following diagram (Fig, 4) of a piece of 
apparatus used by Mr. Perry to illustrate a 
lecture at the Society of Ai*ts. d is a selenium 
cell, which is drawn across the dark and illu- 
minated spaces shown upon the screen. e is a 


iff. 3.— Sinffie CeU of upou the receivuig screen. The 
Ayrton and Perry's Ke- , , i i ‘ 

ceiving Apimratus, next step would be to reproduce 


receiver, similar to Fig. 3. The light from e falls 
on a mirror, f, and is by it reflected on a curved 
screen, g. d and e are connected in an electric 
circuit with a battery. The string which moves 
D also gives motion to the arc h, at the centre 
of which p is fixed. If the light from e be 
uniform, motion of p on its axis will obviously 
cause the spot of light on g to move to the right 



or left. If the motion be rapid, a Hue of light 
will be seen. If the light from e be interrupted, 
a broken line of light will be seen on the screen 
when F is rotated. Now, as D passes through 
light or dark spaces its resistance varies ; the 
result of this is the opening or closing of the 
shutter in e, and the consequent ap])earance on 
G of a broken line, coiTesponding with the spaces 
of light and dark in a As constructed, the 
apparatus marked the jiassage of the selenium cell 
through the light and dark spaces, but it could 
not be worked at sufficient speed to give a con- 
tinuous visual impression. 

Mr, Shelford Bidwell's Telephotograph ” works 
in a totally different, but no less interesting 
fashion. The object of this ingenious apparatus 
is not to show you, as in a mirror, a representa- 
tion of an object at any distance, but to produce, 
at a distance, a drawing of any object presented 
in front of the receiver, and held stationary there. 

Fig. 5 is a diagram showing the principle on 
which Mr. Bidwell works. m is a metal jdate 
on which is laid a piece of paper soaked in 
iodide of potassium — a salt which is easily decom- 
posed by electricity. If a current be passed from 
a platinum style, P, through the moist paper, to 
the plate m, the paper is marked with a brown 
stain resulting from this decomposition. By draw- 
ing the style along while the cuirent is flowing 
steadily, a line is marked on the paper. If the 
current be interrupted the line is broken, and thus 
a row of dots or dashes of any required length 
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may be produced. The effect is the same if the, 
paper be drawn along under the style. In the 
diagram, b represents a battery .in circuit through 
a galvanometer, o, with p and M. b' is another 
similar battery, arranged in the same manner, 
but including also in its circuit a selenium cell, s. 
The current in this circuit flows in the contrary 
direction to that in the first circuit. The effect 
of this is that if the currents in the two circuits 
are previously equal, they will counterbalance each 
other, and no effect will be produced at M ; but if 
the curi'ent in either circuit is stronger than that 
in the other, then a current equal to the diffm*ence 



Fig, 5.— Diagram showiiig Action of the Telephotograph. 
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between the two will flow between p and m. 
We can make the two currents equal by insert- 
ing in the first circuit a ‘‘ resistance,^’ r, equal to 
the resistance of s, the selenium cell, in the 
dark. Then, if a light be thrown on s, the 

resistance in that circuit 

IS caused to l>e less than 
the resistance of the 
other circuit, a current 
flows across the j)aper, 
and a mark is produced. 
If, then, the selenium is 
lighted and shaded at 
intervals, while the style 
is drawn steadily over the paj>er, we shall get a 
series of short lines, each line representing an 

illuminated interval, and 
the break between every 
two lines representing a 
shaded interval. It is 
not difficult to perceive 
that by a suitable 


Kg. 6. — Form to be Reproduced 
by Telephotograpli. 
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Fig. 7.— Reproduction by Tele- arrangement of broken 
miotograpn of form shown in ^ , 

Tig. 6. lines any figure can be 

drawn. 

Such a simple form as Fig. 6, for instance, 
would be represented by Fig. 7. which is indeed a 


reproduction of a bit of work actually done by the 
instrument. Instead of adopting any complicated 
mechanism to draw the marking style across the 



paper in parallel lines, it is obviously simpler to put 
the paper on a cylinder the axis of which is cut 
with a fine screw, so that as it is turned it also 
travels along, and causes a point held steadily 
against it to describe a spiral line on the paper. 
When the paper is taken off the cylinder, the 
lines drawn spirally upon it appear practiciilly 
straight and parallel, like the lines on the phono- 
graphic tinfoil, figured on p. 151. Such an 
arrangement is shown at x, in the upper part of 
Fig. 8. The arrangements here precisely corre- 
spond with those of Fig. 5, except that, instead of 
a simple selenium cell, we have the transmitter, y. 
A platinum point, p, presses gently on the cylinder 
on which the prepared paper is placed. M and N in 
this figure represent the wires connecting the tmns- 
mitting and receiving instruments ; and the other 
letters (except h and l) represent corresponding 
parts with those of Fig. 5. 

And now for the transmitter. It is evident 
that to produce the lines of Fig. 7 the selenium 
has to be, lighted and shaded at intervals repre- 
sented by the breaks in each line. No mere 
throwing of the shadow on the selenium will 
effect this. Let us see how Mr. Bidwell solves 
the problem. The selenium cell, s, is placed on 
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a stand within a cylinder capable of revolving) 
and having on its axis a screw precisely like 
that of the receiver. In the cylinder is a pin- 
hole, H. Now, while this pin-hole is opposite 
tile face of the selenium, light shines through it 
on the selenium; when the pin-hole is at the 
back of the cell, the light passing through it is 
non-effective. By means of the lens, l, an 
image of the figure to be reproduced is focussed 
on the surface of the cylinder. When the pin- 
hole is in the shaded part of the focussed picture, 
little or no light passes through it ; when it is 
in the bright pait a good deal passes. In its 
spiral path the pin-hole covers successively every 


part of the picture, and thus the selenium is 
lighted up and shaded at intervals, which, if the 
receiving cylinder be rotated in precise correspon- 
dence with that of the transmitter, will be 
represented by discontinuous lines drawn upon 
the moistened paj)er by the marking style. 

In the experimental apparatus both the receiving 
and transmitting cylinders are mounted on one 
shaft, so as to secure absolute synchronism. This 
uniformity of motion would have to be obtain^ 
by special means, if the apparatus were really set 
to work over any appreciable distance. This is a 
difficulty, but it need not be regarded as an 
insuperable one. 


A BAR OF SOAP. 

By the late Pkofessok F. S. Babff, M.A., F.C.S. 


E very one is familiar with the word salt ; it 
brings to the mind the dinner-table ; but, 
beyond this, it conveys to most people no further 
idea. If one were told that soap was a salt, one 
would probably hesitate to believe it ; but let us 
examine the matter, and I think we shall see that 
soap has as much right to the name as the sub- 
stance generally called “ salt.” In the early days of 
chemical science a salt was said to be something 
that would dissolve in water, but as the science 
advanced the views as to the composition of a salt 
changed, and now we know that a salt is formed by 
the union of two bodies, having opposite properties, 
which are more or less neutralised by chemical 
union, and that the salt formed has not the pro- 
perties of its constituents. For example, if we 
take some tartaric acid and taste it, we pronounce 
it to be sour ; if we taste some caustic soda (not 
carbonate) in solution, we shall find that it has a 
soapy taste. Now, if we mix together a solution of 
tartaric acid with one of caustic soda gradually, we 
shall find that both substances lose their flavour, 
and at last the mixture has what is called a saline 
taste. If, while performing this experiment, we 
from time to time dip into the solution a piece of 
blue litmus paper, we shall find that while the acid 
is in excess it will be changed to a red colour, but 
as we add more and more of the caustic soda 
solution the red will become fainter and fainter, 
till at last the paper will, on immei'siqn, remain 
blue. Now, if we dip in a piece of pink litmus 
paper vt will also be unchanged in colour. At 
228 


this point the saline taste may be distinguished, 
and the substance formed is called a neutral salt 
Caustic potash, and bodies like it, are called alkaliea 
And those bodies which have the opposite properties 
are called acids: when they are soluble they 
usually have a sour taste, but there are acids 
which have no taste at all. One of these was fully 
treated of whilst discussing the nature of flint 
(Vol. IV., p. 348). Now, salts are formed by tho 
direct union of an acid with an alkali or base, or 
by the double decomposition of other salts when 
they act upon one another chemically. For ex- 
ample, lime is a base ; when it is exposed to tiie 
air which contains carbonic acid this gas unites 
with the lime, forming carbonate of lime, which is, 
chemically, the same as chalk. 

Lime is composed of 40 parts, by weight, of a 
metal called calcium, and 16 parts, by weight, of 
oxygen. The chemical symbol, Ca, represents 40 
parts of calcium, and, as in former papers it has been 
stated that O means 16 parts of oxygen, therefor^ CaO 
will represent 56 i)ai1i8 of lime, when CaO unites 
with 00, (the symbol for 44 paints of carbonic acid). 


Lime. 


Carbonic Carbonate 
Acid. ' of Lime. 


CaO +C0, = Ca 03 


If, now, we take in a test-tube some chloride of 
calcium in solution, and add to it some carbonate of 
soda, also in solution, we shall get a white precipi- 
tate — shown in the annexed ‘‘ formula ” — 01 
meaning 35*5 parts of chlorine, Na 23 parts of 
sodium (a metal) : — 
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CbkirldA of C«rboii«to of Goinm^ii CttrlKmate of 

G^loiiun. Sola. Salt. Lims. 

OaCl, + Na,CO, = 2 NaOl + CaCO, 

Here it will be seen that in both cases carbonate 
of lime is formed, and thej are instances of direct 
union, and of double decomposition. 

It is necessaiy that what has been said should be 
clearly grasped, in oixler to understand what takes 
place in the formation of soap. There are several 
sorts of soap. People generally are acquainted 
with but one sort ; that is washing, or soluble, soap. 
Of this sort we know that thei’e are many varieties, 
but they are all soluble in water. There are other 
soaps which ai'enot soluble in water, and are there- 
foi’c useless for household purposes. There is, for 
instance, lime soap and magnesia soap, of which we 
shall have to speak presently ; also lead soap, which 
is used by surgeons as a plaster. First let us con- 
sider common washing soap. Of what Ls it made 1 
Tallow and soda (not carbonate). What is tallow? 
It is a fat — the fat of animals. Large quantities 
of it come from Russia, and other countries. You 
have doubtless remarked the different sorts of fat 
met with in the same animal ; also in diflferent 
animals. Take, for instance, a cold boiled loin of 
mutton ; the fat underneath where the kidney was 
is very hard and dry, but the fat of the tail, and 
near the tail, is soft and greasy. The same 
difference is found in the fat taken from different 
p irt.s of beef — say in a roast sirloin of beef. When 
cold, the under fat is hard, the ui)per fat soft. Now 
this tells that there are different kinds of fat, and 
we may justly conclude that there must be some 
<lifference in tlieir composition. Fat is chemically 
“a salt,” for it is made up of an acid and base. 
Now, inasmuch as it is the product of animal life, 
it is called an organic salt. 

We will first consider the hard fat. The acid 
constituent of it is called stearic acid, and the base 
is called glycerile. It is found to occur largely in 
mutton suet ; but with it are other fats in small 
quantities — ^viz., oleine, or oleic acid and glycerile, 
and margarine, or margaric acid and glycerila If 
mutton suet be heated with ten times its volume of 
ether, and be then allowed to cool, white scaly 
crystals will be formed. These are nearly pure 
stearine ; the other fatty bodies present in the suet 
remain in solution. These scales can be dried by 
pressing them between folds of blotting-paper, and 
can be rendered quite pure by recrystallisation. 
Maigarine occurs in goose-grease and in olive oil ; it 
is also a constituent of human fat. It can be ob- 
tained by submitting the fat to a temperature of 


zero (centigrade). A portion of it solidifies ; this 
should be pressed. It can be purified by dissolving 
it in boiling alcohol, and allowing it to crystidlise. 
Oleine does not solidify at zero (centigrade ) ; it, by 
the action of the air, becomes slowly oxidised ; it 
can be sepamted from the other fats by allowing 
them to crystallise out first from the alcoholic solu- 
tion of the oil. After their removal the alcojiol 
may be evaporated, and the oleine will be left There 
are differences, however, in oleine obtained from 
different kinds of oil, but these hardly concern us 
in this paper. 

Oleic acid is a large constituent of the softer fats, 
and of oila Steaiine is a salt like carbonate of 
lime ; it contains an acid and a base ; the acid is 
stearic and the base glycerile, and when acted upon 
by suitable substances can be decomposed. If some 
salad oil be mixed and shaken up with water it will 
be found to be suspended in the water in the form 
of small globules, but on standing the oil will float 
on the top, and there will be a complete division of 
the two liquids. Oil does not mix with or dissolve 
in water. Put some salad oil into a test-tube with 
three or four times its volume of water, and try 
this; afterwaitls drop into the mixture a small 
quantity of a solution of caustic soda or potash, 
and then shake up again. This time the liquid will 
become milky, and will remain so. Now, if this 
mixture be boiled for some time in a beaker glass, 
the water being supplied as it evapomtes, the whole 
of the oil will bo changed in its nature — that is, it 
will be* decomi)Osed. The same experiment can be 
made with chopped-up suet and caustic soda. The 
oil was first suggested because the changes are more 
rapidly apparent. Here, if suet be used, the change 
which takes place is as follows : — The caustic soda 
expels the organic base glycerile, which takes up 
water, and becomes the well-known substance, 
glycerine, and, with the stearic acid, forms sodic 
stearate. Here we have, then, a salt formed of an 
organic acid, and an inorganic base. This is soluble 
in water, and is really soap — soda soap. If caustic 
potash had been used a similar result would have 
followed, only the soap would have had somewhat 
different properties. Still it would be soluble in 
water. Suppose, if instead of using either of these 
alkalies, we were to boil some oil with lime and 
water, a different kind of soap would be foimed, 
which is not soluble in water. Take a large Berlin 
dish — a saucepan will do — put into it some oil, 
powdered slaked lime — ie,, lime which has been 
wetted with water — and some water ; then let it boil 
for some hours ; stir it constantly ; in time a solid 
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gltcky mass will be formed ; and when the action 
is completed lime soap will be made, and in the 
water \^1 be the glyoerina Here the lime takes 
the place of the glycerile, and lime oleate is formed^ 
because the fatty acid in oil is not stearic, but oleic 
add ; and the glycerile becomes glycerine in the same 
way as in the former experiment. 

It is clear, then, that fats, oils, and solid fats 
ai^ salts, and that they can be decomposed, paii> 
of their organic constituents being replaced by 
inorganic substances, and that soaps are the result^ 
and that soaps, too, are salts. Before proceeding 
to a description of the manufacture of soap it will 
be well to describe the method of making glycerine. 
Glycerine is sometimes obtained by boiling litharge, 
protoxide of lead, with fatty matter in the 
presence of water. Tlie exi)eriment can easily be 
performed. It requires that oxide of lead should 
be substituted in the last experiment for lime, when 
lead plaster will be formed, which is an insoluble 
soap, and the glycerine will remain in solution in the 
water. If the glycerine is wanted pure, sulphui*etted 
hydrogen can be passed into the solution, to pre- 
cipitate any lead in solution, and after filtering, the 
liquid may be evaporated in a water bath ; that is, 
in a vessel standing in boiling water, or over it, so 
as to drive off excess of water, and the glycerine 
will be obtained as a thick, sweet liquid ; hence its 
name, from a Greek word meaning sweet. Glyce- 
rine dissolves freely in water and in alcohol. It is 
the material from which is made that dangerous 
explosive, nitro-glycerine. In order to obtain it, 
glycerine is mixed with nitric acid and oil of vitriol. 
The mixture must be kept cool. The oixiinaiy 
applications of glycerine are generally well kniywn, 
except that, perhaps, it is not so well known that 
it has antiseptic properties, and can be used for the 
preservation of food. Glycerine is manufactured 
on the large scale by the action of superheated 
steam on fats. The fat is heated in a still to a 
tempemture of about 300® F., and superheated 
steam is injected. The fats are decomposed, and 
the glycerine is distilled over with ^he steam. It 
is obtained as a thick colourless liquid. The fatty 
acids, also, are obtained in this way. They are 
very pure and white, and are used in the manufac- 
ture of candles. 

It will be now understood that soap is a chemical 
compound, consisting of several of the fatty acids 
united with soda or potash. The hard soai)8 con- 
tain soda and the soft soaps ix)tash. The chemical 
symbols used to express the composition of the 
various fats are ratW complicated, therefore it is 


perhaps better to omit them here ; but the follow- 
ing may serve to expi^ess in a simple and clear 
manner the changes which take place. Stearine — 
it may be explained — is a combination of steaiio 
acid with the oxide of glyoeiile : — 

Suet fat. 

Stearine. 

I Stearic acid Oxide of glycerile i Hydrated oxid 3 
Soap J , I glyccrilo, 

■ Sodic oxide Water J or glycerine. 

Caustic soda. 

Reading the lines in the horizontal direction shows 
the names and proximate composition of the sub- 
stances used — stearine and caustic soda. , The 
dotted line shows the changes which have taken 
place, and the name of each product formed is 
given at either end. It has been said that hai-d 
soaps ai'e made with soda. Some hard soaps are 
harder than others, and this depends upon the 
temperature at which the fats melt. If much oleic 
acid be present the soap will be softer than when 
there is a large excess of stearic acid. Many 
different kinds of fat are used in soap making — 
tallow, palm oil, refuse fat from the kitchens, train 
oil and other fish oils, cocoa-nut oil, the grease 
which is got out of bones, linseed and poppy oil, 
olive oil, almond and rape oil, and resin, Resin 
dissolves in alkalies, and so mixes in certain kinds 
of soap. The soaps which are compounded of soda 
and linseed and other drying oils are soft. The 
drying oils are those which are used by painters 
on account of the i)roperty they have of becoming 
oxidised, and of so forming a resinous coni[)ouiid 
which fastens and protects colours used in paint- 
ing. Other oils when oxidised do not harden, but 
become rancid, such as olive or salad oil. Car- 
bonate of soda does not decomi)ose fats, therefore 
the soda must be used in the caustic state. To 
obtain this the soap-maker boils a solution of 
carbonate of soda with lime. The lime takes 
away the carbonic acid, which forms insoluble 
carbonate of lime, and the caustic soda remains in 
the solution. It is necessary that the solution of 
carbonate of soda be weak, othei’wise its complete 
decomposition by the lime would not be effected, 
and any iindecomposed carbonate of soda which 
remained would be useless in soap-making. The 
solutions of caustic soda employed are called “ leys,” 
and the strength of the solution of carbonate 
employed is indicated by the si)ecific gravity 1 *090. 
After the “ leys are thus prepared, the first thing 
done is the charging the soap-pans with oil or fat, 
and then ai*e added the weak leys of a specific 
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gravity of lOSO, The soap-^ns are made of iron 
plates, fikstened with rivets. They are of various 
sizes, some being fourteen or fifteen feet in diameter, 
and of the same depth. Often as much as twenty 
to thirty tons ai'e made at a time. When the 
pan is charged, it can be heated in the most con- 
venient way, either by external heat or by means 
of steam injected through pipes with holes in them, 
or by means of a coil of pipe through which steam 
is continually })assing. If the steam be injected, it 
acts as a stirrer, and keeps the contents of the 
pan in motion. In time the solution assumes a 
thick milky appearance, such as that which would 
be seen if the first experiment described were i>er- 
formed. If some of this be taken out and be 
allowed to cool it remains unchanged, and the 
water does not separate out from it. Sometimes a 
weaker solution of caustic soda is added, if the 
action does not go on favourably, as the saponifica- 
tion does not at first go on as well with strong 
as with weak solutions. After a time stronger 
solutions are added. Prior to this addition the 
solution has lost its alkaline reaction, and this is 
tested by the tongue. The boiling is continued, 
and then more fat is added, and sometimes some 
resin. It is desirable that during this period there 
should not be an excess of alkali. When the 
desired quantity is in the pan, and the operation 
completed, common salt is added. Salt abstracts 
the water from the mixture, and in this way the 
soap is separated out, and this soap contains a 
definite quantity of water combined with it. The 
soap now rises to the surface, and the water and 
glycerine remain in the liquid below, and these are 
drawn off and thrown away after the mass has 
stood for some hours. The soap in this condition 
is now treated with a weak solution of caustic soda, 
and they are boiled together. Now, if necessary, 
may be added more fat ; but the mixture is made 
to have a strongly alkaline reaction. Salt is again 
added, to separate the soap from its solution, and 
it is boiled for some time, the solution being kept 
alkaline. After a few hours the soap is removed 
and placed in suitable iron frames, where it is 
allowed to remain until it is solid, and it is then 
cut into bars by wires, the under part, which is 
soft, being scraped off and used in future operations. 
When resin is used, before the framing operation 
the soap is melted with water and boiled The 
soap dissolves, and forms a compound which is even 
in its composition. After standing for two or 
three days the soap separates, and has a composi- 
tion of about 65 per cent, of fatty acids, 6*5 of 


soda, and 28*5 of water. The residual liquid which 
lies beneath the soap is called the <<nigre.” The 
soap is then put into frames to harden. The nigre 
is used in making mottled soap. Resin is used in 
the manufacture of yellow soap ; it is added usually 
after the saponification of the fat is effected ; the 
proportion in which it is used is about one-third of 
the tallow. Resin soap contains generally about 60 
per cent, of grease and resin, 6 of soda, and 34 of 
water; but its composition is somewhat variable. 

In making mottled soap, soda containing sul- 
phides is employed, but in white curd, soda free 
from sulphides is used. When the soap is nearly 
finished it is watered with a rose watering-pot with 
a strong solution of alkali, containing sulphides. 
In some countries a dilute solution of sulphate of 
iron is used. The sulphate is decomposed by the 
alkali, and ferrous oxide is set free. This passes 
through various stages of oxidation, and so produces 
tints varying from a blue-green to red or brown. 
When the oxide becomes red it gives the colour 
which is called ^^manteau Isabelle.” Tlie soap 
paste is broken up so that the mottling liquid can 
trickle into the cracks formed. The workman 
pushes his rake through the crust of soap, and 
moves it up and down vertically. The mottled 
appearance resulting from the presence of oxide of 
iron, and some insoluble iron soaj), can be got rid 
of by dissolving the soap, and allowing the heavy 
metallic oxides to sink to the bottom. Mottled 
soap contains a definite quantity of water, and 
hence it is prized because the water in it cannot 
be excessive, for it is, of course, the object of the 
manufacturer to make his soap hold as much water 
as possible. Imitations of real mottled soap are 
often made by the addition to the soap in the soft 
state, when it is sufficiently hard, of colouring 
matters. This soap, however, does not contain a 
definite quantity of water. 

Those who have read the paper on ‘‘ Flint will 
remember that when flints are boiled under pressure 
with caustic soda they are dissolved, and a thick 
sticky liquid is the result. This liquid is a solution 
of sUicate of soda. It has strange properties, and 
among them it acts as a soap. It is a powerful 
detergent. However, when used for wafihing the 
hands, it makes the skin very rough afterwards, 
although, when diluted with the washing water^ 
it has a soft and pleasant feel Silicate of soda is 
used in the manufacture of certain soaps ; it 
readily incorporates itself with soap when stirred 
up with it. If soluble silicate be boiled with fats 
* “ Science for All,” Vol. IV., p, 846. 
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or remn, some of the alkali in it .unites with 
these substances, and in this way a soap can be 
made which is not so powerful in its detergent 
properties as when the silicate is combined with 
ordinary soaps. The quantity of free alkali in 
these soaps can be reduced by the action on them 
of one of the mineral acids, or by carbonic or 
8 ul 2 >hurous acid gases. The last two are always 
passed into the liquid soa}) in the gaseous form. 
Silicated soaps are cheap, and for rough puq)oses 
very useful, as they cleanse very rapidly. Silicate 
of soda to be employed in soap making is some- 
times prepared by a very interesting process. 
Common salt is heated to a very high temperature 
until it is vaporised. In this state it is brought 
into contact with steam at a very high temperature 
in a suitable fire-brick chamber. A double de- 
composition ensues, which is represented by the 
following equation ; — 

Common Salt. Steam. 

2 (NaCl) + H,0 = NaaO + 2 (HCl) ; 

but as the temperature falls a reverse action takes 
place, the hydrochloric acid unites again with the 
sodic oxide, and the original bodies, salt and water, 
are fonned. To prevent this, silica, in the foim of 
porous lumps, is. placed in the hot chamber in 
which the vai)orised salt and steam meet together, 
the sodic oxide unites with the silica or silicic 
acid forming sodic silicate, and the hydrochloric 
acid remains free. When the hydrochloric acid 
is condensed or dissolved in water, a small quantity 
of silicic acid, resulting from the decomix)sition of 
some of the silicate of soda by its action, will be 
dissolved in it Some soaps which are named 
silicious soaps, only contain silica ground up, and 
in mechanical mixture with them. Here the silica 
is of no use whatever, it is simply an adulterating 
substance. 

Soft soap differs in many important respects 
from hard soap. When hard soap is dried, it 
contains a certain definite quantity of water which 
is held in a sort of chemical combination with it. 
It is a water of hydratioiL T^jis is not the case 
with soft soaps. The water which they take up 
and retain is simply held as a mixture, and when 
there is in them a slight excess of alkali, they take 
up water from the air, or deliquesce, as it is called. 
The fats from which soft soaps are made are 
generally oils, such as rape, and also fish oils. In 
making these soaps a ley of caustic potash has 
to be prepared. This is done by boiling the 
carbonate with lime until the ley is perfectly 


caustic. They are made of two different strengthsi 
one 1*05 specific gravity, the other 1*20, and some* 
times 1*25. They are made from the potashes of 
commerce, which contain about 60 per cent, of 
real alkali. The oils employed are heated in a 
suitable pan just to the boiling point of water. 
The weak ley is then introduced, and the mixture 
is heated till it boils. More oil is then put in, 
also more ley, and this is done alternately till all 
the oil required is used up. A gentle boiling is 
now continued, and strong ley is added until the 
action is quite completed. At first there is frothing. 
This at last subsides, and the mass becomes trans- 
parent and thickens. The soap is then applied to 
the tongue, and, if it is not acrid, then a portion 
is taken out and put on a glass plate. If it is 
transparent and perfectly clear then the soap is 
made. Often a small quantity of tallow is added, 
and this causes whitish grains to foi'm in the mass, 
giving it the appearance of the inside of a fig. 
It is therefore called “figging.” M. Thenard gives 
the composition of soft soap at 9*5 potash, 44*0 
oil, 46*5 water. London soft soap yields 8*5 
potash, oil and tallow 45*0, water 46*5. 

What is called “marine soap” is made from cocoa- 
nut oil. Cocoa-nut oil saponifies diffei*ently from other 
oils and fats. A veiy strong soda ley is used in its 
preparation, of a specific gravity 1*16. Great care 
is taken to thoroughly purify it. The soap hardens 
very quickly, and shows no signs of forming a 
curd. It is white and semi-transparent. The 
odour is unpleasant. Cocoa-nut oil soap combines 
with more water than ordinary tallow soap ; it 
can therefore be adulterated to a considerable 
extent with water. It forms a good lather. 
Cocoa-nut soap is not separated like tallow soap 
by common salt unless this substance be used in 
large quantities, therefore it is possible to wash 
with it in sea water. It is accordingly called mai*ine 
soap. 

“Palm oil soap” is made in the same way as 
other soap. It is prepared from palm oil with soda. 
It is yellow in colour, and has a very agreeable 
smell. Generally palm oil is mixed with some 
other fat. About 3 lbs. of palm oil to 11b. of 
tallow make a good soap. An inferior soap, 
called demi-palm, is made with 1 lb. of palm oil 
and 4 lbs. of tallow. Palm oil can be bleached 
so as to afford a white soap. Palm soap is very 
soft and pleasant, and these properties, combined 
with its agreeable odour, make it a very favourite 
soap. The soaps which are used for the toilet 
are generally made up by perfumers. The base 
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is ordinary curd soap, hwt v^ry pure. This curd 
soap is refined by cutting it into shavings. It 
is then melted over a water bath witli rose-water 
and oi*ange-flower and some salt; 24 lbs. of soap 
are mixed with four pints of rose-water, and ^the 
same quantity of orange-flower water, and about 
two handfuls of salt The next day the soap, 
when cold, is cut into pieces and dried in a shady 
place ; then melted again in the same quantity of 
rose and orange-flower water, and is sti*ained, cooled, 
and dried. These operations destroy the bad 
smell of the soa]). It is then scented according 
to taste, and is moulded and pressed in the 
desired forma Most fats require to be boiled 
with the alkali in order to ensure perfect saponi- 
fication, but laul, beef maiTOw, and oil of sweet 
almonds can be saponified by shaking them up 
with caustic soda without heat. Some soaps for 
toilet purposes are made in this way, and are dried, 
scented, and pressed into cakes. Almost any 
I^erfumes may be used with soap. They are usually 
coloured with blue ultramarine (artificial) and with 
vermilion. The brown tint is produced with an 
alkaline solution of burnt sugar. Soft shaving 
soap is made by beating up 50 lbs. of lard with 
75 lbs. of caustic potash ley, 17® (Beaume). 
Glycerine is souietimes mixed with soap before 
it is put into the frames. This makes a good 
toilet soap, and produces a softening effect on the 
skin. Transparent soap is made by fii’st drying 
ordinary soap thoroughly ; then it is dissolved in 
alcohol with the aid of heat. The solution should 
be left to stand for some time, that all imjmrities 
may settle down. When this has occurred, the 
alcohol is distilled off, and the residual transparent 
soap is allowed to become solid in moulds. Mar- 
seilles and Castile soaps ai’e very good and pure. 
They are made with soda and a very good sort 
of olive oil. They are very hard and free from 
grease. Every one must have noticed how 
difficult it is to wash in some waters : the soap 
used does not form a lather, but sticks about the 
hands. This is because thei'e is lime or magnesia 
or both, in the water, and these substances 
decompose tlie soap. The lime, or magnesia, take^ 
the place of the Soda, and forms lime or magnesia 
soaps, both of which are insoluble in water. If a 
person continues rubbing the soap for some time, 
he will precipitate all the lime in the water, and 
then he will be able to form a lather. Lime exists 
in two different forms in water ; in the chalk 
districts it is dissolved as carbonate by excess of 
carbonic acid. Chalk, which is carbonate of lim^ 


is absolutely insoluble in water, but lime, which is 
calcic oxide, or chalk without the carbonic aci^ is 
to some extent soluble in water. If carbonic acid 
gas be passed into lime-water in a test-tube, a 
white precipitate will immediately appear, and this 
will become thicker up to a certain point ; then, 
as the carbonic acid continues to be passed in, the 
white precipitate will be dissolved, and the liquid 
will become clear. The white precipitate is car-, 
bonate of lime, chemically the same as chalk, and 
the excess of carbonic acid dissolves it up. An 
apparatus for ])erforniing this experiment is given at 
page 348, Vol. IV. In the receiver c should be put 
the lime water. If this clear liquid be boiled, or 
rather a part of it, the white precipitate will 
reappear, because boiling will drive off the excess 
of carbonic acid, which holds the carbonate of lime 
in solution, and therefore it will be pi-ecipitated.' 
If, then, water be rendered hai*d by carbonate of 
lime, it can be made soft by boiling it for some 
time, and allowing it to settle. If another portion 
of the clear solution be put into another test-tube, 
and some lime water be added to it, the white 
precipitate will reappear, because the lime in the 
lime water will take away the excess of carbonic 
acid, and will form with it carbonate of lime, and 
it, Mnth the carbonate of lime dissolved in the 
water by the carbonic acid, will be precipitated. 
And this is another way of making such hard 
water soft. Put the hal’d water for practical 
purposes into a [)jxu or tub, add to it a small 
quantity of quicklime, and stir it well; leave 
it to settle, and the chalk dissolved in it will 
be precipitated, and it will be made soft. Lime 
also exists in water in the fonn of sulphate. As 
sulphate of lime is somewhat soluble in water, the 
only way to get rid of this, so as to render ,the 
water lit to be used for washing pui’poses, is to 
add a sufficient quantity of carbonate of soda to 
throw down the lime as carbonate. 

Sulphate of Carbonate of Carbonate of Sulphate of 

Limo. Soda. Lime. Soda. 

CaS 04 + Na^COa = CaOOa + NaBO^ 

It may be useful to mention that soap is em- 
ployed for other purposes than washing. It is a 
somewhat important ingredient in the preparation 
of certain drugs, both for internal and external 
application. Soaps for medicinal purposes are 
specially and carefully prejiared. They should 
have no greasy feel, and salts should not crystallise 
or effloresce on the surface. They should be 
hal’d and^ firm. They are sometimes used dissolved 
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in aleohd, with which they form a transparent bat 
somewhat gelatinous solution : as tliey are decom- 
posed by acids and neutral fats, care must bo 
taken not to mix them with any of those substances 
with which they do not agree. Hard soap rubbed 
up with vegetable resins and balsams mixes well 
with them, and thus they become soluble in water, 
and so can be made up into pills, which have this 
advantage, that they can be dissolved in the 
stomach, whereas resins alone might pass unaffected 
through the intestinea It also renders unctuous 
and other animal substances soluble in water. It 
is used in making liniments and embrocations. 
Soap has also a slight aperient action : it is also a 
mild anti-acid, and is said to possess advantages 
over the alkalies given alone. It is also given in 
rheumatic affections, and in gout where swellings 
occur in the joints, and are called chalk-stones. It 
is supposed to dissolve these. There is no doubt 
at all but that it is very useful in external a 2 )plica- 
tions for bruises and si>rains. It has also been 
administered with effect in cases of poisoning by 
corrosive substances, such as oil of vitriol, aqua- 
fortis, and coiTOsive sublimate. Soap is also used 
to test the hardness of water. It has just been 
mentioned that when soap comes in contact with 
lime in water it is decom]>osed, stearate of lime, or 
lime-soa]), being formed. In onler to test the 
hardness of any sam^de of watei', that is, to find 
out how much lime is held in solution in it, a solu- 
tion .of Castile soap in alcohol is employed. What 
is called a standard solution of soap is made ; that 
is, a certain known weight of soap is dissolved in a 
certain weight or measure of alcohol. A given 
measure of the water to be tested is put into a 
Irottle, and some of the solution of soap is drojjped 
in ; the stopjier is placed in the bottle, which is 
well shaken. If no jjennanent froth or lather is 
formed on the surface of the water more of the soap 
solution is added, and the mixture is again shaken, 
and the operation is repeated till a pennanent 
lather is obtained. It is then ascertained how 
much of the alcoholic solution has been used, and 
this tells the quantity of soap decomposed, and 
from this is calculated the quantity of lime present 
which decomposed it. 

It WAS in the year 1524 that soap was first 
manufactured in London. Before that time soap 
was made principally abroad. Some, however, was 
made at Bristol. This was grey in colour, speckled 


with white ; it was very cheap. Its price was 
a penny a jioand There was also a black soap 
in use which was still cheaper. For many years 
nothing was known of the chemical composition 
of soap, or, at least, nothing accurate. A little 
more than one hundred years ago the true ^trinciples 
of chemical science were not understood, and it was 
not till after the discovery of oxygen that we can 
date the commencement of our present knowledge. 
In 1813 M. Ohevreul, a noted French chemist, pub- 
lished the results of his investigations into the com- 
positions of oil and fat, and the works of tliis 
eminent man remain to the pi-esent day authorities 
on this subject Chevreul has done as m\ich 
as any other chemist to advance our knowledge, to 
improve our methods of investigation and analysis, 
and to enable us to classify bodies, and we cannot 
fail tc admire the acuteness and perseverance of a 
man who had to discover methods which, in his 
time, did not exist, and who therefore, unlike 
modem chemists, had to strike out for himself an 
cntii-ely new line of investigation. Possessing, as we 
do, a knowledge which simplifies research, and en- 
ables us to apply our scientific knowledge to useful 
applications, it is surely worth the while of every 
one, whose di 8 i) 08 ition leads him to scientific studies, 
to follow out earnestly his instincts in the direction 
of chemistiy. Soaj), and other of the useful 
substances, whose composition depends upon 
chemical changes, were found out empirically, and 
it was left for us in later days to explain the prin- 
ci])les on which their manufacture was founded, 
and to inqmove the pi'ocesses of that manufacture. 
Now that the science of chemistry is better under- 
stood, and more generally and comjJetely studied, 
chemists argue from their knowledge as to what 
ought to take place, and follow out their arguments 
to practical conclusions ; or, in their laboiutoiies, 
they observe certain things which occur, perhaps, 
by mere accident. They investigate them, and so 
find out i)rocesses which become eminently service- 
able to mankind. The discoveiy of the coal-tar 
colours (p. 80) is an illustration of this, and no one 
can deny but that this discovery has confeired on 
society great benefits, and has been highly remune- 
rative to those to whom we owe it Surely such 
instances as this — ^and many others could be men- 
tioned — ought to lead those who have a taste for 
science to do something more than make it a source 
of simple amusement 
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HOW MOLECULES ABE MEASUBED. 

By Pbofessor Josiah P. Cooks^ 

Harvard Univertiiyt JiauacKutdti, 


I N a. previous paper (p. 246) we described the 
method by which the lengtiis of the waves of 
light are measured. In this paper we propose to 
show how the values thus obtained may be applied 
to measuring the size of the molecules of matter. 

Does a material body completely fill the space it 
seems to occuj^y ? or is it an aggregate of small units 
se])arated by spaces ! and if the latter, what are the 
dimensions of these units ? These are the questions 
we are to discuss and the standard of minute 
measure we have established will greatly aid us in 
our investigation. First, we will notice certain 
general considei*ations, which, although they may 
not help us in measuring the size of the integrant 
particles of matter, have an imi)ortant bearing on 
the question of their reality. 

When water is heated to 212° Fahrenheit it boils, 
and changes into steam one cubic inch of water, 
yielding a little over one cubic foot of steam. Now, 
two suppositions are possible as modes of explaining 
this change. The first is, that in expanding, the 
water becomes diffused through the cubic foot, so 
as to fill the space completely with the substance we 
call water, the resulting mass of steam being abso- 
lutely homogeneous, so that thei’e is no space within 
the cubic foot, however minute, which does not 
contain its proportion of water. The second is 
that the cubic inch of water consists of a definite 
number of particles, which, in the process of boiling, 
are simply separated to a greater distance. Hence 
the steam is not absolutely homogeneous, for, if we 
consider si)aees sufficiently minute, we can dis- 
tinguish between such as contain a particle of 
water and those which lie between the particles. 
Now, the following experiment indicates that the 
last is the true explanation of the change of 
volume. 

We take a glass globe, which we will assume 
has the caj^acity of a cubic foot. Into this globe 
we pour one cubfc inch of water, and maintain the 
vessel at the temjierature of boiling water. After 
a short time the water will have evaporated, and 
filled the globe with ordinary steam, which we con- 
fine by closing the sto[)-cock at the mouth. If, 
now, that cubic foot of space is really packed close 
with the material we call water, if there is no 
break in the continuity of the aqueous mass, we 


should expect that the steam would fill the spaoe^ 
to the exclusion of everything else, or, at least, 
would fill it with a certain degree of energy which 
must be overcome before any other vaix>ur could 
be forced in. But what are the facts ? If the stop- 
cock is so arranged that we can introduce into the 
globe any liquid on which we desire to experiment, 
without otherwise opening the vessel, we shall find 
on running in alcohol, for example, that this volatile 
liquid will freely evaporate into the space assumed 
to be filled with steam, and if we make comparative 
exi>eriments with the vessels filled with air, and 
also after the air has been exhausted by an air- 
pump, the remarkable fact will appear that pi'e- 
cisely the same amount of alcohol will evaporate 
into the space, whether filled ” with steam or 
filled with air, or entirely empty, provided only the 
temperature is kept the same in all cases. And 
what is still more singular, if, after the space is 
saturated with alcohol vapour, we introduce benzine, 
the same phenomena will be repeated. The ben- 
zine will evaporate, and fill the space with its 
vapour, and the globe will hold just as much 
benzine vapour as if no other substance wei^e pre- 
sent ; and so we might go on, as far as we know, 
indefinitely. There is here no chemical union 
between the several vapours, and we cannot, in 
any sense, regard the space as filled with a com- 
j)Ound of them. It contains all the vapours at the 
same time, each acting as if it were the sole occu- 
pant of the space. 

Evidently, then, no vapour completely fills the 
space which it occupies, although equally dis- 
tributed through it, and we can give no satisfactory 
explanation of the phenomena of evaporation, 
except on the assumption tliat each substance is an 
aggregate of particles or units which, by the action 
of heat, become widely separated from each other, 
leaving between them large spaoes, within which 
the particles of an almost indefinite number of 
other va|x>urs may find places. These units we 
call TTioleciiles^ a Latin diminutive, which means 
little maeses. We now pass to another class of 
facts illustrating the same point. 

The three liquids — water, alcohol, and ether — 
are expanded by heat, like other foims of matter, 
but there is a veiy great difference in the amount 
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of their expansion for the same increase of tem- 
perature. Alcohol expands about three times as 
much as water, and ether more than alcohol What 
is true of these three liquids is true, in general, of 
all liquids. Each has its own rate of expansion, 
and the amount in any case does not appear to 
depend on any peculiar physical state or condition, 
but is connected with the chemical nature of the 
substance, although in what way we are as yet 
wholly ignorant. There is, of course, nothing re- 
markable in this, for why shoilld we not expect 
that the rate of expansion would differ with 
different substances 1 But the remarkable point is 
yet to be stated. Heat these liquids to any con- 
stant temperature above the boiling-point of water, 
and we shall convert all three substances into 
vapours. Study, now, the rate of expansion of 
these aeriform bodies, and it will appear that, 
although they expand far more rapidly than in the 
liquid state, the influence of the natui^ of the sub- 
stance on the phenomenon has wholly disappeared ; 
and that in the state of gas these substances, and 
in general all substances, expand at the same rate 
under like conditions. 

Why is this difference between the two states 
of matter? If the material fills space as com- 
pletely in the aeriform as it does in the liquid 
condition, then we cannot conceive why the nature 
of the substance should not have the same influence 
on the phenomena of expansion in both cases. If, 
however, matter is an aggregate of isolated mole- 
cules, which, while comparatively close together in 
the liquid state, become widely separated when the 
liquids are converted into vapour, then it is obvious 
that the action of the particles on each other, 
which might be considerable in the first state, 
would become less and less as the particles were 
separated, until at last it was inappreciable ; and 
if further, as Avogadro’s law assumes, the number 
of these molecules in a given space is the same for 
all gases and vapours under the same conditions, 
then it is equally obvious that, there being no 
action between the particles, all vapours may be 
regarded as aggregates of the same number of 
isolated particles similarly plaoed, and we should 
expect that the action of heat on such similar 
masses would be the same. 

There are many other phenomena which, like 
those we have described, almost force upon us 
the conviction that the various forms of matter 
we see around us do not completely fill the volumes 
which they appear to occupy, but consist of isolated 
particles separated by comparatively wide inteiwals. 
229 


But we have not space for more details, and must 
pass on to consider facts which enable us to form 
some conception of the size of the molecule;^ whose 
existence, we must now assume, has been made 
evident. 

When a beam of light passes from the air into 
a denser medium, for example, into water (and we 
have taken water as the basis of our illustration in 
this paper, not only because this substance is so 
familiar, but also because it is so well adapted to 
the purpose), the beam is bent from its rectilinear 
path. And not only is the beam bent as a whole, 
but the different colour-giving rays of which it 
consists are bent to a slightly different extent, so 
that after entering the water they diverge from 
each other. The violet rays, with their short 
waves, are bent more than the red luys, with their 
comparatively long waves; and to an observer, 
immersed in the liquid, the refraction at the surface 
would produce, under all oblique incidence of the 
light, effects similar, although of less degree, to 
those we see on looking through a prism. To 
such a sub-aqueous observer, the images of objects 
above the surface, if not on the vertical line, would 
appear bounded by blue and red fringes, and the 
image of an illuminated slit would be extended in 
a short spectinim. 

Accoi*ding to the undulatory theory, this bending 
or refraction of a luminous beam results from the 
lessening of the velocity of the onward motion 
of the waves of light on entering a denser medium, 
and the disj^ersion of the various colour-giving rays 
is explained by the fact that the velocities of these 
different rays are affected to a somewhat unequal 
extent, depending on the length of their waves. 
The ratio of the velocity of light in air to its 
velocity in another medium is called the index of 
refraction in that medium, and in the case of water 
this value is 1’335, varying, however, between 
1-3309 and 1-3442 for the extreme rays of the 
spectrum, marked by the Fraunhofer lines b and h. 
Hence, while the velocity of light through the 
celestial spaces and also through air is 186,380 
miles per second for all rays, whatever the wave- 
length (at least we have been able to detect no 
difference), the velocity in water varies between 
140,040 miles per second for the red rays corre- 
sponding with the line B, to 138,660 miles pel 
second for the violet rays corresponding with the 
line H. 

It must further be stated that according to our 
theory the light - producing waves spread, not 
through any medium cognisable to our senses, but 
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tlirough a wholly impalpable medium, called the 
luminiferous ether, which is supposed to pervade 
the whole material creation, the interiors of the 
densest bodies, as well as the interatellar spaces. 
To this medium the theory ascribes the most 
remarkable qualities. It has a tenuity vastly 
greater than that of hydrogen gas, the lightest 
form of matter otherwise known ; but at the same 
time, its parts are as inflexibly held in a fixed 
position as are those of a bar of steel. The earth, 
or any other body, in moving through the ether, 
does not displace it as a bird displaces the air or a 
fish displaces the water, but the ultimate particles 
of these bodies move independently through a 
medium which surrounds them individually, in the 
same sense that the air suiTOunds the bird, or the 
water the fish. They move through the ether 
while maintaining their relations to the body of 
which they are a part, in the same sense that the 
members of the solar system have a common 
motion through space while preserving their 
mutual relations to each other. Indeed, the ether 
is the only fixed mateiial of nature, and material 
bodies are simply systems of atoms which move 
and toss in this medium. 

Kemembering that the molecules must be far 
smaller than the waves of light (for if not they 
would be visible under powerful microscopes), it 
will be seen that these waves, in passing through 
a transpai*ent body, do not jmiss between the mole- 
cules, but go over and engulf them, the molecules 
tossing to and fro as the waves pass on; and 
although these molecules may clog, or, as in the 
case of opaque bodies, wholly deaden the wave 
motion, they do not alter its essential character. 
Hie eflTect of material molecules on waves of light 
may be rudely compared with that of the rushes of 
a marsh, overflowed by the tide, on waves of water. 
They also, when tossed by the waves, tend to 
deaden their motion. But without pushing this 
analogy, which would soon fail on account of the 
essential difierence between waves of water and 
waves of light, it am readily be seen that the same 
molecules could not produce an unequal effect on 
waves, which differ from each other in length at most 
only as one to two, if the size of the molecules were 
vastly less than the size of the waves. It requires 
no profound science to see that, if the molecules boi’O 
no larger relation to the waves of light than do 
particles of sawdust in the waters of an estuaiy to 
the waves that roll in from the ocean, the difierence 
of effect produced by such a slight obstruction 
would not be perceptibly altered by a change of one- 


half in the size of the waves. And, on the other 
hand, if the molecules were comparable with logs 
of wood in such an estuary, the difference of effect 
might be marked. Moreover, knowing as we do, 
very accurately, the retardation of waves of measured 
lengths in various media, it might seem as if we 
could calculate the size of the molecules which 
caused the obstruction in each case. But unfortu- 
nately such are the diflSculties of the problem, and 
so uncertain are some of the data it involves, that 
as yet we have not been able to solve it satisfac- 
torily, although it has engaged the attention of 
mathematicians of the greatest power. Reasoning 
on this basis alone, we can as yet form only a very 
rough estimate of the size of the molecules of 
matter, but, assuming the truth of the general 
theory, we can say with a very considerable degree 
of certainty that the average distance between the 
centres of two neighbouring molecules of water 
must be at least a thousand times smaller, and, on 
the other hand, that it cannot be a hundred thousand 
times smaller, than the mean length of the luminous 
waves of light This, of coui'se, is a very rough 
estimate, but still it establishes the order of the 
magnitudes with which we are dealing, and that is 
a great deal. Let us next study some other pheno- 
mena connected also with water, which will enable 
us to make a still closer approximation to the 
values we are seeking. 

From water, with which a little soap and gly- 
cerine have been mixed, films can be obtained of 
very great tenuity, whose thickness, measured by 
the waves of light, gives us an obvious limit to 
the possible size of the molecules on one side, 
while the laws of capillary action to which these 
phenomena conform, enable us to fix an equally 
close limit on the other side. 

The familiar soap-bubble, already described in 
some of its featui'es,* is usually regarded as a child’s 
toy, though it presents phenomena worthy of the at- 
tention of the philosopher. Those gorgeous colour 
which float over the bubble as the film grows thin, 
are an effect of the interference of the rays of light 
reflected from its two surfaces. A portion of every 
incident beam is- reflected from the outer surface, 
but another portion passes through the film, and is 
reflected from the inner surface ; and it is evident 
that the path of the last is longer than that of the 
first by just twice the thickness of the film. More- 
over, owing to lelations which it would take too 
long to discuss here, the rays reflected from the 
inner surface lose one-half a wave-length in the 

* A Soap Bubble ; ” “ Soienoe for All,** VoL HI., p. 6i, 
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very act of reflection. Hence, when these two 
portions of the reflected beam come into the same 
path again, there is more or less interference, and, 
if the retardation has been such that the crests of 
the red waves in one portion of the beam exactly 
fall over the troughs of the similar waves in the 
retarded portion, then the cori’esponding colour- 
giving rays are wholly destroyed. Moreover, in 
all other rays, where this relation, although not 
exact, is approached, the motion is deadened to a 
greater or less extent. The result is that, in 
general, about one-half of the coloured rays which 
the white light contains are deadened, and the 
reflected beam produces the impression of the com- 
pound colour, which results from the mingling of 
the i-ays not thus extinguished. The efiect is not 
unlike that of coloured glass, which also, although 
in a different way, deadens the different coloured 
rays of white light unequally, and appears as if 
coloured by the rays which are transmitted. 

As the thickness of the film of the soap-bubble 
varies, the colour changes ; for as the amount of 
retardation diminishes with the thickness of the 
film, a different set of waves are deadened, and 
different colours disappear from the reflected light. 

Although there is nothing more splendid of its 
kind than a large soapbubble made with glycerine 
soap-suds,* the variation of the colour with the 
thickness cati be better shown by forming the film 
in a less familiar although an equally simple way. 
For this purpose pour a little of the soap-solution 
into a shallow dish, and dip into it the open mouth 
of a common tumbler or wine-glass. By gently 
raising the glass it is easy to bring away a thin 
film covering the mouth ; and if the glass is now 
held with the film vertical, so that the light from 
a window is reflected from the film to the eye, 
a succession of beautiful phenomena will be seen. 
The same brilliant hues are seen as on the soap- 
bubble, but they appear in regular bands crossing 
the film horizontally, and this we should naturally 
exj^ect after what has been said ; for the colour 
at any point depends on the thickness of the film, 
and since this is held in a vertical position, it is 
evident that the effect of gravity mast be to 

* To make the best preparation, put into a quart bottle 
four ounoes of the best white Castile soap (or, still better, pure 
palm oil soap), cut into thin shavings, and fill it up with cold 
distilled water. Shake well together until you get a saturated 
solution of soap, and allow the bottle to stand for some days 
at a uniform temperature. If the soap and water are both 
pure the solution will settle perfectly clear, leaving at most 
a slight opalescence. Decant now the clear solution, and to 
two volumes add one volume of concentrated glycerine. 


Stretch the liquid membrane, constantly thinning 
it out from the upper end. As the film becomes 
thinner and thinner, the bands of colour, which 
correspond to a definite thickness, move downwards, 
and are succeeded by otbei’s coiTesix)nding to a 
thinner condition of the film, which give place to 
still others in their turn. These colours are not 
simple colours ; but for each j)oint of the film they 
are, as we have seen, the results of the combination 
of the residual rays not deadened by the inter- 
ference at that spot. Tlie jmrti-colours result from 
the overlapping of bands of infinitely-varied tints, 
and in order to reduce the conditions to tiio 
simplest possible, we must use monochromatic 
light. Tlie effect of a monochromatic light can be 
approximately obtained by holding before the eye 
a plate of green glass coloured by oxid(‘ of copper, 


Flgt 1.— Showing Effect of a Iffonochromatic Light 

when at once all the parti-colours vanish, and we 
have merely alternate green and dark bands as 
shown by Fig. 1. 

These dark bands are evidently zones where the 
wave motions of this green light are deadened 
because the crests of the waves of one portion of 
the reflected beam fall full over the troughs of the 
waves of another portion, and since this relation 
must obtain whenever one ray gains any odd 
number of half wave-lengths on another, it is 
evident that the bands must be repeated as the 
thickness of the film increases ; and if along the 
line of the first dark band the interference is 
caused by a difference of ^ of a wave-length, along 
the line of tlie second band it is caused by | of a 
wave-length, and so the succeeding bands mark a 
difference of y , dkc., respectively. 

As, however, we watch the bands which chase 
each other over the film, we notice that after a 
short time new bands cease to apj)ear, and a 
uniform li^t tint spreads over the upper half of 
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the surface. Now comes the critical point in our 
experiment. If the film is in right condition this 
light tint will be succeeded by a grey tint, which 
appeal's in irregular imtches at the upper border. 
But a moment after, all vanishes, for the film 
always breaks soon after the grey patches appear. 

Remembering, now, that all rays reflected from 
the back surface of the film sufler a retardation of 
one-half a wave-length in the very act of reflection, 
the summary of the results of our discussion given 
in the following table will be readily understood ; 


Order of Bands. 

Betardation of rays 
reflected from back 
surface of fllm. 

Thiokness of fllm in 
waves of green light 
Treitrnofaninchlong. 

Grey patches 
bight film 

First dark band 
First light band 
Second dark band 
Second light band 
Third dark band 
Third light band 
Fourth dark band 
Fourth light band 

^ wave-length 

H 

2 )) 

3 ,, 

H 

* 

i ^ »» 

i 

i -wave-length 

1 or 1 „ 

'"! 

lior| „ 

2 or } ”, 

! »> 


Tlie general result, then, is that the thickness 
of the light portion of the film above the first 
dark band is one-fourth of the length of a wave 
of green light, or about the 
Tlie grey patches must be still thinner, but how 
much thinner ? That they cannot be a great deal 
tliinner is evident from the fact that the film breaks 
so soon after the grey patches appear. On the 
other hand, twice the thickness of the film at 
these spots must be a very inconsiderable portion 
of the length of a wave of light, because the dif- 
ference of phase of the rays reflected from the outer 
and inner surfaces is due wholly to the loss of a 
half wave-length in the last reflection. We thus 
reduce the question within naiTOw limits, and we 
cannot err gi'eatly if we estimate the thickness of 
the dark patches at one-fortieth of a wave-length, or 
T.Tnro.TTtny ^ i^ch. Under favourable conditions 
there are certainly portions of the film as thin as 
this. Evidently we have now found a very definite 
outside limit to the size of the molecules of water. 
Their diameter cannot possibly be greater than 
the extreme limit of the thickness of this film. 
But this is an unnecessarily wide limit, for a 
very superficial consideration will show that even 
when most attenuated the film must be many 
molecules thick. 

The tenacity of the film of a soap-bubble is 
determined by the mutual attraction of the mole* 


cules of which it consists. This coliesive force, aii 
we call it, although very strong between neighbour- 
ing molecules, diminishes as the square of their 
distance increases, and soon becomes insensible. 
But compared with the size of the molecules the 
sphere of attraction is very large, and the cohesive 
attraction of each molecule of water must influence 
thousands of the molecules which surround it. 
The molecules within the sphere of attraction 
would naturally arrange themselves at the least 
possible distance from the centre of attraction, and 
thus take the form of a sphere, and the splieiical 
form of the raindrop is a familiar illustration of 
this principle. In such a sphere the molecules are 
at the least possible distance from each other, and 
the force of cohesion is at its maximum. If we 
flatten out the sphere, we necessanly increase the 
total sum of the molecular distances, and to do this 
we must exert a sufficient force to overcome the 
cohesion, at least in part. Now precisely the same 
thing must result when, in blowing a soap-bubble, 
we diminish the thickness of the aqueous film. 
Compared with the small mass of water with 
which we are dealing, we must exert a large force 
to pull the particles apart. However, singular as it 
may seem, we are able to calculate the amount of 
this force, for it is precisely the same force which 
determines the rise of water in a capillary tube. 
The theory of capillary action is well understood, 
and these familiar phenomena give us the means of 
measuring w’hat is called the surface tension of 
a liquid film. With the data thus obtained we 
can readily calculate how great a force would be 
required to stretch a film of water to any extent, 
for example, until its thickness was reduced to the 
i^ch. Now, we also know, and 
with great accuracy, the amount of heat which is 
required to part the molecules of water, and convert 
the liquid into steam. We further know with equal 
certainty the mechanical equivalent of heat, that is, 
the amount of mechanical energy corresponding to 
a given amount of heat. We therefore know how 
much mechanical energy is required to pull apart 
the molecules of one grain of liquid water, and it 
appears that the force required to do this work is 
no greater than, according to the theory of capillary 
action, is required to reduce the thickness of a film 
of water to the inch. It is 

therefore probable that before s\ich a degree of 
tenuity could be attained, a j)oint would be reached 
where the film had a. thickness of a single molecule 
and that in stretching it further we should not 
reduce its thic^UASS, but merfilv fbft mnlAOiilec 
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wholly apart, and thus completely overcoming the 
cohesion, which determines the liquid condition of 
water, and gives strength to the film, convert the 
liquid into steam. 

There are many other physical phenomena which 
point to a similar limit, and unless there is some 
fallacy in our reasoning, this limit would be reached 
at about the titg, inoL Moreover, it 
is woi^thy of notice that all these phenomena point 
to Very nearly the same limit. Sir William 
Thomson, from a comparison of all these phe- 
nomena, has estimated the limits as between the 

T,^^,h5i5,i5i5i5 inch, and 

in order to give some conception of the degree of 
coarse-grainedness, as he calls it, thus indicated, he 
has said that if we conceive a sphere of water as 
large as a pea magnified to the size of the earth, 
each molecule being magnified to the same extent, 
the magnified structure would be coarser grained 
than a heap of small lead shots, but less coarse- 
grained than a heap of cricket balls. 

These considerations will show how definite the 
idea of the molecule has become in the mind of the 
physicist. It is no longer a metaphysical abstrac- 
tion, but a reality, about which he reasons as 
successfully as he does about the stara He no 
longer connects with this term the ideas of infinite 
hardness, absolute rigidity, and other incredible 
assumptions which formerly brought the idea of a 
limited divisibility into disrepute. His molecules 
are definite masses of matter, exceedingly small, 
but still not immeasurable, and they are the points 
of application to which he traces the action of the 
forces with which he has to deal. These molecules 
are to the physicist real magnitudes, which are no 
farther removed from our ordinary experience on 
one side than are the magnitudes of astronomy on 
the other. In regard to their properties and rela- 
tions we have certain definite knowledge, and there 
we rest until more knowledge has been obtained. 
The old metaphysical question in regard to the 
infinite divisibility of matter has nothing to do 
with the present conception. Ihe molecule is 


a unit in the same sense that the earth is a unit. 
The geologist tears the earth to pieces, and in 
like manner the chemist deals with the molecules ; 
but to the astronomer the earth is a unit, and so is 
the molecule to the physicist. Chemistry begins 
where physics end. To the physicist the molecules 
are the points of application of those forces which 
determine or modify the physical condition of 
bodies ; and he defines molecules as the small par- 
ticles of matter which, under the influence of these 
forces, act as units; or he may prefer to define 
molecules as those small particles of bodies which 
are not subdivided when the state of aggregation 
is changed by heat To the chemist, on the other 
hand, the molecules determine those differences 
which distinguish substances. In the molecules 
the qualities of a substance reside. A lump of 
sugar, for example, has the qualities which we 
associate with that name, because it is an aggregate 
of molecules which have those qualities. The mole- 
cule of sugar is simply the smallest possible lump 
of sugar. We can divide or break up this molecule, 
but then we decomi)08e the sugar, and a chemical 
change results. Starting with the different mole- 
cules, in which the qualities of his preparations 
inhere, the chemist finds that those molecules may 
be subdivided into still simpler units, which are 
the atoms or chemical elements of natiire ; and he 
seeks to investigate the stinicture of the molecules. 
,He has devised symbols, with many of which the 
reader is doubtless already well acquainted, to 
I’epresent this structure, and to show how the 
qualities and chemical relations of substances are 
determined by the nature and mode of grouping 
of the elementary atoms of which these molecules 
consist. But it would require a paper quite as 
long as the present one to illustrate these chemical 
conceptions ; it is enough if, in this paper, we 
have shown that molecules are real magnitudes, 
or — to use the words of Sir William Thomson — 
pieces of matter of measurable dimensions, with 
shape, motion, and laws of action, intelligible 
subjects of scientific investigation.” 
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BREATH AND BREATHINGe 

By Aijdhbw Wilson, Ph.D., F.L.8., etc., 

Leetwrer on Zoology in the Edinburgh Medical School, and Eximiner in. Naiural History in the Univerri*y of datgo'js* 


T hat our chests rise and fall some fifteen or 
sixteen times a minute, and that we take air 
into our lungs and give air out of these organs, is a 
kind of truism which hardly needs mention to 
ensure the tacit a 2 >proval of ordinary observation. 
Bat, at the same time, the observation is one 
which, like many others, settles down into an un- 
explained stolidity, because of its familiarity. The 
more familiar any object or process is, the less 
likely are we to trouble ourselves about its 
explanation or meaning. There are thousands of 
interesting facts concerning the common animals 
and plants by which we are surrounded, that 
remain unknown and unsought because the objects 
in question are so common. There are multitudes 
of facts about ourselves which never form part 
of the knowledge of thousands, because these 
thousands regard theii own vital ]irocesses either 
with the familiarity that gives origin to contempt, 
or with the idea that their personal histoiy, as 
living beings, is too complicated for ordinary com- 
prehension. There is, however, no greater mistake. 
A large proportion of the facts of human life may 
be successfully studied by all who possess the 
common patience to undertake an easy and at the 
same time interesting study. Further, if we 
reflect that the preservation of health and the 
prolongation of life are results that follow from an 
appreciation of the simple details of natural science, 
the absolute value of such knowledge is not easy to 
overrate. 

These remarks hold especially trUo of such a 
subject as that which relates itself to a function so 
intimately connected with the preservation of 
animal life of all kinds, as does the function of 
breathing. If we trace this function upwards in 
the scale of animal life, we shall find it to com- 
mence, like other actions of living beings, in a very 
ill-defined and general way. In the lowest animals 
the general protopimm of the body, which we have 
seen to be capable of carrying on all the functions 
of life, must itself perform this function. As we 
advance upwards in the scale, we discover that as 
new organs and parfcs become added to the simpler 
possessions of humble life, the work of breathing 
shares in this elaboration. of life’s duties. From 
a stage, represented by the anemones and their 


neighbours, where no special breathing organs are 
developed and where this function appears to bo 
performed by the general tissues of the body, we 
can advance to animals in which gills appear. 
From tliese organs, characteristic of water-living 
animals, we advance to the lungs of higher forms ; 
and we may likewise find, midway between gills 
and lungs, and as representing forms of breathing- 
organs suited to advancing development, such a 
breathing apparatus as insects possess in the form 
of their air-tuhea, or as spiders and scorpions 
possess in the shape of their lung-aaca. 

Before we can glance with advantage, even in 
the most cursory fashion, at the various types of 
breathing-organs found in the animal world, it is 
necessary to ask what breathing itself means and 
implies. To answer this query, we may shortly 
reflect that breathing may soon be discovered to be 
in reality a duplex process. As such, it involves 
two important actions. One of these is nutritive 
in character and contributes to the support of the 
animal body. This process consists in taking into 
the animal body from the atmosphere directly, or 
from the water in which it has become mechani- 
cally suspended, a certain quantity of air. Now, 
as atmospheric air consists of a mixture, of two 
gases, oxygen and nitrogen — in the proportion of 
about twenty-one parts of the former to seventy- 
nine of the latter in 100 of air — it is evident that 
these two gases must be inhaled by eveiy animal 
that “ breathes,” and must be absorbed by every 
animal that, destitute of deflned breathing-organs, 
yet “ respires.” The comparative physiologist will 
further inform us that for the animal^ man or 
lower form — the oxygen is the necessary and vital 
gas. The nitrogen seems to be absolutely inert, 
and to possess no action on the animal tissues. It 
is believed to serve merely as a diluent to the 
oxygen and nothing more. Oxygen is therefore 
the paramount gas, so far as animal ‘‘ breathing 
is concerned, and in this light, it was well named 
of old vital air.” 

Now, oxygen taken into the animal system 
through its breathing-organs, serves not a few 
important ends. It is carried to the tissues, of 
course, by the blood. The function of breathing- 
organs, in one sense, is to enable oxygen to pass 
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into the blood. Circulating through the animal 
frame, oxygen, uniting with certain materials of 
that frame, produces heat ; whilst it subserves 
other functions as well. Animal life in certain 
low quarters may be capable of being carried on 
in an imperfectly oxygenated atmosphere ; but, 
speaking generally, the gas in question may be 
regarded as absolutely necessary for the mainten- 
ance of animal existence at large. Deprivation of 
oxygen means, in other words, the death of the 
animal. 

But besides this important use, which may be 
esteemed to be nutritive ” in character, in that 
it tends to the repair and maintenance of lifers 
actions, breathing has yet another and different 
aspect. If the animal inhales oxygen, it exhales, 
or gives out from its breathing- organs, matter of a 
different nature. Suppose we try to note the 
difference between the air inspired and that expired 
from the lungs of a higher animal : we shall firstly 
discover that the air which is expired is 7mich 
warmer than the outside atmosphere, and that, in 
fact, it resembles the blood in its temperature. 
Further, we shall find that, whatever the moisture 
of the outer air, a large quantity of moisture — 
provable by analysis to be water — is likewise given 
out from the lunga . The phenomenon of the mois- 
ture which condenses on the windows of a close 
railway carriage, as the result of its occupancy by 
human beings and of its imperfect ventilation, is a 
familiar illustration of the fact that the higher 
animal exhales watery vapour from its lungs. If 
next we breathe into pure and clear lime-water^ we 
shall discover that the longer we breathe, the milkier 
does the water become, until at length there settles 
down into the bottom of the vessel a white 
powder. This powder, the chemist informs us, is 
carbonate of limey or, in plain language, chalk. It 
has been formed through a gas called carbonic acid 
(CO,) coming in contact and uniting with the 
Ume of the water, and thus forming a new com- 
pound, the chalky or carbonate of lime. This 
ca/rbonic acid gas, which we have thus proved to 
come from our lungs, has further been transferred 
to the air from the blood. That is to say, as the 
oxygen we breathe in, goes into the blood, the 
carbonic acid we breathe out, comes from the 
blood. 

Most persons know that this carbonic acid gas is 
noxious and hurtful to animal life. When breathed 
in sufficient quantity and for a sufficient time by 
men or other animals, it produces firstly stupor, 
thezl insensibility, and fin^y causes death by 


suffocation — as in the Black Hole of Calcutta 
itself. It is this gas which causes headaches 
in ill-ventilated rooms, and it is chiefly carbonic 
acid we try to get rid of by ventilation. As all 
animals ‘‘ excrete,” or give out, this gas from their 
breathing-organs, we may next inquire into the 
nature of this product. How carbonic acid gas is 
formed in the tissues of the animal through the 
union of oxygen (0) and carbon (C) to form the 
compound which the chemist writes CO;,, need not 
be detailed in the present instance. Suffice it to 
say that this carbonic acid gas makes its appear- 
ance in the animal body in the most natural 
of fashions. It is formed by a chemical i)rocess, 
the nature of which we i>erfectly understand ; and 
it represents a product formed in a natural man- 
ner, and representing, as was long ago remarked, 
the ashes of the bodily fire. In this light we arc 
prepared to see in caibonic acid gas so much waste 
mattery arising from the wear and tear of the 
animal body. It is matter, however, which, lik(^ 
other waste products, will cause disease and death 
if allowed to accumulate within the body. Hence 
the function of breathing appears before us in a 
new light, namely, as a means for getting rid of 
waste products — of those substances which seem 
inseparable from the wear and tear of life, and 
from the act of living and being. 

As a matter of fact, in addition to the carbonic 
acid gas, heat, and water, given out by the 
breathing-organs of higher animals, there are small 
quantities of ammoniay organic mattery and ureay 
to be included in the list of waste substances. But 
if what has been just detailed has been clearly 
followed, it will now be apparent that when any 
animal “breathes” it takes in oxygen for the 
maintenance of its tissues and the production of 
heat, whilst it gives off carbonic acid gas and other 
products, as the waste matters of its economy. 
And it may be lastly remarked that breathing- 
organs are not the only means wliereby the work 
of excretion (i.e., the getting rid of waste matters) 
is effected. The skin and kidneys of animals are 
organs which, with the lungs, form a kind of 
rAtural trio engaged in the work of excretion. 
The two latter organs, in fact, excrete much the 
same kinds of waste matter as the lungs, but in 
different proportions : a fact proved by the circum 
stance that when the lungs are incapacitated by 
disease, the skin and kidneys may, to a certain 
extent, relieve the lungs of a share of their work. 
This fact — that of the mutual relations of lungs, 
skin, and kidneys — is of immense service in tke 



m SCIENCE 

practice of the physiciaiiy ' in his treatment and 
relief of many diseases. 

A survey of the chief modifications which 
breathing-organs may undergo in the animal world 
may follow the description of the general phy- 
siology of the process itself. As already remarked, 
breathing, like digestion, must be performed in the 
lower animalcules by the general protoplasm of the 
body. It is easy to conceive that oxygen should 
be absorbed and carbonic acid excreted by a 
medium which, as in an Amoeba for instance, is 
exposed on all sides to the water. Nor is there 
much elaboration of matters in such an animal as 
a sea-anemone — high as that animal is when 
compared with the amoeba and its neighbours. In 
the anemone, the sea-water laden with oxygen is 
received by the mouth, passes into the general 
cavity of the animal’s body, and gives up its 
oxygen directly to the tissues, without the inter- 
vention of any distinct or specialised breathing- 
apparatus. So also in such an organism as a 
sponge. There we find the walls of the canals to 
be lined by living masses of protoplasm. These 
animal units must therefore claim and receive 
their oxygen from the continual streams of water 
which are ever pouring into the sponge-organism 
by the pores,” or smaller apertures, and which 
are as continually being expelled by the oscula,” 
or larger apertures. 

In the sea-urchins, star-fishes, and like animals, 
distinct breathing-organs are not developed to any 



Fig. 1.— Tube-worm (TerebeUa EdwardaU^ 


great extent. We find that, as in the sea-anemone, 
there appears to be provision for the direct contact 
of the oxygen-laden water with the tissues. Here 
and there organs which have been named 
** branchiae,” or gills, are also developed ; and a 
sea-cucumber {llol<^v/ria) has certainly a set of 
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plume-like tentacleiEi around the mouth, which may 
possibly serve as organs of respiration. 

Amongst the worms, we find examples of breath- 
ing-organs in the beautiful plume-like gills which 
the tube-worms (Fig. 1), met with on all our coasts, 
possess, attached to their head extremities. No 
more interesting object for microscopical examina- 
tion can be procured than one of these gills. In 
other sea-worms and sea-leeches (Fig. 2), gills are 
borne on the sides of the joints that form the body. 



Fig. 2.— Marine Leech (Branehiohdella), showing outside gills. 

But as we leave the worms, and pass to the higher 
classes of the Annulose or “jointed” animals, new 
types of breathing-organs are seen. The “ gills ” of 
the lobster have already been described.* Suffice it 
now to say that each gill is like a bottle-brush. A 
whole array of these gills is contained in each side 
of the lobster’s “chest.” Water is admitted to 
the gill-chamber at the bases of the legs, flows over 
the gills, and is finally “baled ” out in front by a 
special scoop, to make way for a fresh inflow from 
behind and below. From the water thus flowing 
over the gills, the necessary oxygen is obtained, 
and the eflfete matters are excreted into and passed 
from the body along with the water that is baled 
out of the gill-chamber. 

In the insect, as a near type of the lobster, the 
breathing organs 
consist of trachece^ 
or air-tubes; each 
consisting of a 
double membrane, 
inside which a 
homy spiral fibre 
is coiled, to keep 
the tube elastic 
and patent, and so 
to accommodate it 
, to the movements 
of the animal’s rig. 8.— IVache«, or Air-tubes of Inseot, 
body. These tubes 

(Fig. 3) branch everywhere through the body of the 
insect. Air is admitted to them by apertures called 
apvraclea (Fig. 4), situated on the sides of the body. 
Thus the insect may be said to breathe in every 
* “Science for All,” Vol. 11., p. 40. 
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party and its body is thus ajsd rendered %ht for 
flying. Spiders and scorpions, in addition to these 
tubes, possess what are called or 

hmg-saca. Each of these latter organs consists of a 
sac or bag-like cavity, opening on 
the sui'face of the body by a dis- 
tinct aperture, and containing a 
large number of leaf-like struc- 
tures, or laniellcn, closely packed 
together like the leaves of a book. 
Over these lamellae the blood- 
vessels ramify, and the blood in 
them is thus exposed to a con- 
siderable surface from which oxy- 
gen cat! be received. 

Fig. 4.-S»ira«le of Molluscs, “gills” or 

Water-beetle branchicB come prominently to the 

(Dyiicua marginalis), - ^ i , 

front as breathing-organs. Such 
are the breathing-organs of the cuttle-fishes, 
already described in these pages, and which receive 
and eject the oxygen-laden water with movements 
of body as regular as those whereby our own 
chests rise and fall. So also whelks, limpets, mus- 
sels, and the Molluscan hosts at large, breathe by 
gills. Only in the snails and other land-molluscs 
do we find a dijfferent type of breathing-organ. In 
these land-living forms there exists a “ lung-sac,” 
which is simply a cavity whose walls are composed 
of a network of blood-vessela Into and from this 

the liackboned 

enter the class 
fishes. Here 

paramount as 

the bi*eathing- 

Fig. 5.-01118 of Pish. organs. Who- 

^ ever has had 
the curiosity to examine the gills of an ordi- 
naiy fish — haddock, herring, cod^ or salmon — by 
lifting up the gill-cover behind the head, knows 
that the “gills” (Fig. 5) are comb-like in form, 
each consisting of a number of delicate filaments 
like the teeth of a comb, borne on an arch — ^the 
so-called “gill-arch.” Each of these filaments is 
a dense network of blood-vessela The blood 
which is continually being sent into them by the 




Pig. 5. -Gills of Pish. 


heart is exposed to the action of the oxygen con- 
tained in the water admitted to the gill-chambers.. 
The blood likewise gives out its carbonic acid ixr 
the water, which, taken 
into the mouth of the 
fish, circulates over the 
gills (lodged in gill- 
chambers in the sides 
of the mouth) and 
passes out behind the 
gill-cover. Whilst this 
is the common type of 
gill in fishes, it should 
be remembered that in 
the lampreys, and also 
in sharks, dog-fishes, 
rays, and the like, the 
gills are in the form 
of pouches, opening by Fig. e.-Lungs of Bird, 
slits or holes in the 

sides of the neck. But in every t 3 rpe of gill, pro- 
vision is made for the circulation of water over 
the surface of the organ, and for the discharge 
of the effete water containing the waste matters. 

In the frogs and their neighbours, which begin 
life with gills and end life with lungs, we meet 
with links which connect the lower water-breathers 
to the air-breathers proper. In reptiles and birds, 
we meet with lungs alone ; but the lungs of birds 
(Fig. 6) differ from the lungs of other animals in 
that they possess apertures on their surface through 
which so much of the air inhaled in breathing jmsses 
outwards to the body and even to the interior 
of the bones (p. 

161). In this 
way, the body 
of the bird, like 
that of the insect, 
is rendered light 
for fiying. No 
quadruped lias 
lungs of this 
description. In 
the latter class 
the lungs are 
confined to the 

th 0 r a Xy or Fig. 7^ Diagram of Breathieg-organ. 

“ chest,” which 

in its turn is completely shut off from the abdomen 
by a great broad muscle — the midriffs or dior 
phragm. It is this muscle which foms the chief 
agent in exjianding the chest in the act of 
inapiration^ or “bi*eathing in.” 
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Having Burveyed the oMef modifications which 
the breathing-organs may be said to present, it 
remains for us to glance at the general type which 
such organs present to view. Any l^reathlng-organ, 
whatever its form or nature, may be analysed out 
ultimately to present us with — firstly, a thin mem- 
brane (Fig. 7, a) \ having, secondly, an outlet (6) to 
the surface of the body on one side \ and, thirdly, a 
network of blood-vessels (c) on the other side. These 
three conditions are illustrated in all breathing- 
organa They are seen equally in the lung of man 
and in the ^1 of a fish or mussel If we i-egard 
the breathing-organ as a market-place or exchange, 
we can readily see how, in virtue of the law of 
diflTusion of gases,” one gas (the oxygen, O) passes 
inwards from air (or water) to the blood, whilst 
another gas (carbonic acid, CO,) of diflferent density, 
along with other waste matters, passes outwards to 
the external world. In some such simple idea of 
a membrane, with air on one side and blood on the 
other, we find the essentials of a breathing-organ. 

Last of all, it is important and interesting to 
observe that we may as legitimately speak of the 
breathing ” of plants, as of the respiration of 


animals. Many plants Fungi) destitute of 
green colour, habitually inhale oxygen and exhale 
carbonic acid, like animals. Green plants, on the 
other hand, by day absorb carbonic acid and give 
off oxygen (VoL I., p. 21) ; but as the carbon of 
the carbonic acid is used as food, it is evident that 
this taking in of carbonic acid is a work of feeding 
or nutrition, and not of breathing or pure respira- 
tion alone. When the shades of evening deepen 
into the twilight, and when night descends upon 
the earth, then every green plant reverses the 
order of its operations by day. Then every leaf 
begins really to “ breathe,” and to inhale oxygen, 
whilst it gives off carbonic acid. Thus the affinity 
of plants and animals is seen anew in the 
wonderful difference to the vital processes of the 
former which the absence of light entails. The old 
difference between animals and plants, founded on 
the idea that the former inhaled oxygen and that 
the latter invariably inhaled carbonic acid, is seen 
after all, as an eminent naturalist put it, to be a 
distinction which really vanishes with the daylight. 
In darkness, green plants, like their colourless 
neighbours, respire as do the animals around them. 


A COAL-FIELD. 

By Fuederic Drew, 
A8si$tant Master at Eton College, 


I N concluding the account of what underlies 
London down to a depth of 1,000 feet (p. 234), 
it was hinted that there might be found at a greater 
depth' still deposits of that mineral on which we 
so much depend for our comfort of warmth and 
light. At the outset I may say that coal lias wt 
been found beneath London, but that has been 
found which has led many who are well qualified 
to judge to firmly believe that coal will be found, 
either beneath London or not many miles off. 
This is not a mere guess, but an inference founded 
on a knowledge of how coal occurs, t.e., of its actual 
position in various parts of our island and of the 
Continent, and of why it so lies. 

It is now my object to put before the reader the 
facts, and to explain the inferences, which have led 
geologists to the belief just stated ; in other words, 
to enable him to follow the course of the reasoning 
employed, to judge for himself of the strength of 
its foundations, and of the probability of its stand- 
ing the test of experience. 


For this object it is necessary that we should see 
the way in which coal occurs in some part where 
the ground has been well explored by miners and 
mapped by geologists; we should learn how to 
judge where a coal-field begins and ends; and 
whether it ends in such a way as to shut out all 
hope of the mineral being got from greater depths, 
or whether deeper and further explorations might 
extend the coal-field area. 

I have chosen, to illustrate the method of an- 
swering these questions, what is often called the 
‘‘ Chesterfield Coal-field,” that great and busy tract, 
denoted on geological maps by a long spread of 
dark grey, which extends from the neighbourhood 
of Derby and Nottingham on the south, through 
Sheffield and Chesterfield, to Bradford and Leeds on 
the north — a tract about sixty-five miles long, and 
on the average twelve miles wida The structure 
of this coal-field has been well proved by the 
collieries that thickly stud the district, and it has 
been laid down by the Government surveyors in 
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their maps and sections, so that the knowledge 
gained by these under^;round and abore-groimd 
explorers is made accessible to alL The map and sec- 



1. Lower OaxlMniliarons 
COai^boniferons Lime- 
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2. kfUlstone Grit. 
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fi. New BoA Sandstone. 


Fig. 1. — (Geological Map of the Chesterfield Coal-field. 
(Scale, 1 inch to £0 miles.) 


tion here given (Figs. 1, 2), though very sketchy as 
compared with the careful, detailed, and large-scale 
publications of the Survey, will, I believe, suffice 


area of the coal-field proper, and of tracts ai*ound 
it, as occnipied by five sets of strata, which will be 
enumerated. 

Since the above-mentioned strata are really the 
materials of which this part of the country is com- 
posed, we must consider them minutely, and look at 
the exact character of each. The lowest strata 
of which we here have cognisance, called ‘‘ Lower 
Carboniferous,’* consist chiefly of thick layers of 
limestone, blue and grey in colour, containing, and 
in fact made up of, marine fossils in great variety, 
of which the most plentiful seem to Lave been 
crinoids or stone-lilies, and corals, though shells of 
the Class Brachiopoda also are very numerous. 
Details of these animals have been given already 
(p. 37). We have, in fact, in some places a coral 
reef of those times; in some places a reef, so to 
say, made up of stone-lilies, while on either grew 
numerous other kinds that contributed by their 
shells to amass the calcareous matter now making 
part of our Derbyshire Hills. These limestone 
strata, extending widely in every direction, have a 
thickness of 1,600 feet or more. Besting upon 
them (but still Lower Carboniferous) are strata of 
shale, with some bands of limestone, which are 
called “ Yoredale Bocks ; these air. about 500 feet 
in thickness. These two sets undoubtedly underlie 
the whole of the area we are considering, though 
they reach the surface in the south-western portion 
of it only. The rocks marked 2 in map and section 
consist of about 1,000 feet in thickness of thick- 
bedded, and in some cases hard, sandstones, to 
which the name “Millstone Grit” is given. They 
crop out all along the west of the coal-field, making 
the beginning of the high ground that there bounds 
it. An outlier, or separated j)ortion, of the Mill- 
stone Grit, makes the summit of the “ Peak ” Hill, 
around which Yoredale rocks occupy the surface. 
On the north of the coal-field also Millstone Grit 
makes the ground — the high ground — that extends 
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Fig. 2.— Section of Chesterfi^d C!oel-field from W. to E., from the Peak of Darbyehire, through Sheffield and beyond. 


'to make clear the great general faots whicdi it is on both sides of Wharf dale, and beyond. Beneath 
important that we i^ould know. They depict the the whole of the coal-field, as the section diows 
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idongone Hne, lie these thousand-feet thick beds, 
upon the Lower O^boniferous. We now come to 
No. 3, which is the set of beds from which coal is 
got, and which go by the name of Coal Measures.” 
They have a thickness of 3,000 feet or thereabouts ; 
they are beds of clay, shale (or flaky clay), and 
sandstone, with occasional beds of coal, some de- 
tails alx)ut which will be given further on. 

These sets of strata, Nos. 1, 2, and 3, belong 
to one great series called the Carboniferous,” and 
are all conformable one to another ; that is to say, 
the layers of which they were composed were 
formed regularly one upon another, so that the top 
surface of each new layer was parallel, or nearly so, 
to the top surface of the preceding one. The excep- 
tion which requires me to say pamllel or nearly 
so,” is that one layer, as of limestone, may thin 
out even to nothing, in its horizontal extension ; 
but this thinning out is not sudden. Also there 
has been no tilting, and no upheaval above the sea- 
level, of the lower layers, and no removal of any of 
them before the upper were deposited. All this is 
expressed in the language of geologists by saying 
that there is conformity ” through this series of 
Carboniferous deposits. 

The next series of be<ls, called Permian (No, 4), 
are a few hundred feet in thickness of red clay and 
sandstone, with a bed of Magnesian limestone, or 
Dolomite.* These lie unconformahly upon the 
beds already enumerated ; that is to say, the whole 
thickness of the older beds had been raised up by 
subteiTanean forces, tilted and otherwise disturbed, 
and portions of the mass thus raised up to and 
above the sea-level had been worn away before the 
time arrived during which the Permian beds were 
deposited ; afterwards these latter were laid down 
on a new denuded surface of the Carboniferous 
rocks — ^upon, in fact, the denuded edges of their 
strata. All this is expressed by saying that there 
is unconformity ” between the Carboniferous and 
the Permian beds. 

It follows tlxat the Permian may be found rest- 
ing on any portion (higher or lower in the series) ' 
of the Carboniferous beds, as is indeed expressed 
on the light-hand portion of our section; for at 
different spots different portions of the lower set 
of beds were exposed by the denudation, and after- 
wards covered up by the Permian. 

* Maanesian limestone, or Dolomite, is a mixture of car- 
bonate of lime and carbonate of magnesia. In some parts it is 
a good close building stone, as some old buildings — notablj 
Turk bUnster, the Chapel of King’s College, Cambridge, and 
CSton College Chapel— stand to testify. 


The highest b^s that are met with are tfa4 
Triasy called also the New Red sandstone. These 
are red sandstones, with much false-bedding, and 
conglomerates. They rest conformably on the 
Permian, as the latter do on the Carboniferous 
rocks ; or else they themselves rest unconformahly 
on the Carboniferous rocks. The former case 
occurs to the east of the coal-field ; the latter 
to the south, as the map will show. 

This being the whole series of beds, it now be- 
hoves us to look more particularly at the Coal 
Measures, which, as before said, are made up 
of some 3,000 feet of strata, among which the 
coal is found. The beds of coal are of various 
thicknesses, from a few inches up to five or six 
feet. They are separated from one another (ver- 
tically) by strata, sometimes fifty feet, sometimes 
one or two hundred feet in thickness ; but laterally 
they extend indefinitely in all directions, until at 
last the stratum ends at its outcrop, where its 
further portion has been eroded and removed, so 
that all traces of it are gone. A coal-pit, then, 
commonly sinks through hundreds of feet — maybe 
a couple of thousand feet — of sandstone, clay, and 
shale, penetrating at various levels various beds of 
coal. Of these many may be of such small thick- 
ness that the produce of them would not repay 
the expense of working. It happens that at the 
top of the series of Coal Measures there are 700 
feet of such unproductive strata, with several 
thin coals unworked ; and at the bottom, again, 
about 800 feet of fiagstones — such stones as flake 
into convenient thicknesses, and are used for 
paving — of shale and clay, and a kind of sandstone 
called ‘‘gannister,” with some thin beds of coal. 
It is the Middle Coal measures, then, that are the 
productive ones. We may reckon a total thickness 
of coal (all the coal-beds, thin and thick, being added 
together) of sixty feet ; but if, as is generally con- 
sidered the fair way, we only count as productive 
those beds two feet thick or more, we should have 
an available thickness of some forty-five feet, divided 
among a dozen or fifteen beds. There are now 
some six or eight important seams largely worked, 
three, four, or five feet in thickness. One of 
these, called the Silkstone Seam, is of such quality 
as to be recognised and sought for by many a 
householder as far as London and beyond ; others 
have various degrees of excellence, and some 
have a character that fits them less for household 
fires than for gas-making and steam-making. 

It must not be supposed that any particular 
colHery shaft or pit would neces^rily begin at th^ 
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top of tike series. It depends on what part of the 
coal-field it may be situated in. Looking at our 
section, it will be seen that close by the edge of 
the hill of Permian rocks there will be a greater 
thickness of coal measures (including a greater 
number of beds of coal) than would be found if a 
pit were made west of Sheffield ; while quite along 
the western edge there would be found only the 
thin coals of the lower 700 feet, which would 
hardly, if at all, repay the working of them, even 
at the shallow depth at which they there occur. 
But when a shaft is sunk in the productive parts, 
and reaches a good bed of coal, workings starting 
from that shaft are carried into it nearly on a level, 
while, the shaft being continued lower, when a 
second bed of coal is reached, the working of that 
also would be commenced, and so in time a large 
and busy colliery is established ; men get coal from 
different levels or storeys, making passages to the 
right and left as well as forward and backward, and 
bring the produce of their toil to the vertical shafts 
which are the general highways to the surface. 

On the whole, the strata in this coal-field are 
very favourably situated for working. The dip of 
the beds — i.6., their inclination to the horizon-plane 
— ^is never, or hardly ever, high ; faults ” are not 
frequent (by faults we mean actual breaks of 
tlie strata which have occurred, interrupting the 
continuity of the beds, and obliging a re-arrange- 
ment of the levels of the mine whenever they are 
met with). Tlie Geological Survey sections across 
the coal-field show but few of them ; they ap- 
pear to occur a quarter of a mile or half a mile 
apart. 

At various stratum-levels iromtom is found ; it 
is the clay ironstone, a mixture of carbonate of iron 
with clayey matter, which latter has been made 
into a hard mass by the cementing power of the 
former. The result is a layer, or else a layer 
of nodules, or flat roundish lumps, brown on the 
outside and often grey inside, yielding an ore not 
extremely lich, reckoned by percentage of the 
metal, for it contains but 30 per cent, or so of 
iron, but one from which the usual smelting process 
will extract a metal of good quality. Thus, the 
whole area occupied by the outcrop of the Coal 
Measures is one of industrial activity. A traveller 
to the North by the Midland Railway sees his 
train for fifty miles threading its way among coal- 
pits and blazing furnaces, and past heaps of dark 
phale and hard slag that tell of years of industiy 
expended in getting coal and iron. 

Both the demand for coal and iron, and the 


means of supplying it, have, it is well known, beed^ 
increasing for years. The amount of coal raised in 
this one coal-field has been reckoned by millions of 
tons, something like twenty millions having been 
for some time its annual contribution to the coal 
supply of the world. It is an interesting inquiry, 
which lias been followed out by well-qualified men, 
to calculate how long, at such a rate of ex^ienditure, 
the store of coal may be expected to last. For this 
calculation the thickness of workable coal above 
given makes one element, and the area over which 
the various seams remain available another. The 
actual ending-off of the coal seams must, if possible, 
be ascertained, and the depth at which the deeper 
ones occur must be considered in reference to the 
practicability and cost of their exploitation. For a 
complete view of the coal-field, not only as actually 
known, but also as perhaps extending in untried 
directions, an examination of the country for some 
distance around and an understanding of i(8 
structure also is necessary. The map and section 
are here indispensable. 

The lowest beds — the Lower Carboniferous, in- 
cluding the Carboniferous limestone — make some 
of the most picturesque hilly i)arts of Derbyshire, 
the ground occupied by them rising to 2,000 feet 
or more above the sea. The Millstone Grit also 
surrounds on three sides the tract of Lower Carboni- 
ferous rocks, overlying them ; it spreads far to the 
north, beyond the range of our map. Along the 
line, running from near Bradford, by Huddersfield, 
and on by the west of Sheffield and Chesterfield to 
near Derby, that divides the Millstone Grit from 
the Coal Measures, these both dip nearly east; 
hence, as one goes east from this line one comes on 
to beds higher and higher in the coal-bearing series, 
and reaches in succession the various beds of coal, 
and so it continues even to the eastern edge of the 
coal-field, along which, in most places, a pit sunk 
would pass through a greater number of seams than 
it would if situated more in the middle of the 
coal-field. This eastern boundary is made by the 
Permian beds resting unconformably on the Coal 
Measures ; the plane of junction between these two 
sets is, as shown in the section, not far from horizon- 
ttvl, hence the coal-field really continues beneath the 
Permian^ giving a much larger area of productive 
ground than the first information, as conveyed on 
a map, would lead one to expect. And, indeed, the 
character of the surface changes along that line ; the 
Permian strata make an escarpment, beyond which 
is a sloping plateau, all occupied by beds unlike 
those with which coal is associated. The Permian; 
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in their turn, pass under ilielTew Red sandstone or 
Trias, whioh res .8 upon them somewhat irregularly ; 
and on the south the New Red sandstone itself 
covers up all the older rocks without the interven- 
tion of the Permian, 

Tlius it may be said that we possess two classes 
of coal-fields — ^those where the coal, and the beds 
known to contain coal, crop out or are exposed at 
the surface, and those which are covered up by 
newer rocks, in all cases, I believe, unconformably, 
BO that a deep coal-field will be found after pene- 
trating the newer formation. When, some years 
ago, an alarm was raised that our stoi'e of coal was 
fast being consumed, and that the end of it was 
not far off, a Commission was appointed by Govern- 
ment to report on the prospects. The Commission 
took cognisance of these deeper coal-fields, taking 
the best of geological evidence and advice, and they 
concluded that these — for the most part untouched 
— fields make an impoi*tant addition to our store of 
mineral wealth. In considering the prospects of 
any such coal-field, these two things must be taken 
into account : first, the thickness of the beds of the 
upper series ; secondly, the lie of the beds of the 
lower. In the case before us, the Permian beds 
undoubtedly inci'ease, though not quickly, in thick- 
ness as one goes east ; in that direction, therefore, 
there would be a greater depth of dead or unpro- 
ductive ground to sink through ; still it is calcu- 
lated this depth would not be prohibitive. As to 
the second consideration, a careful examination of 
the changes of the dip of the Coal Measures has led 
those geologists most conversant with this field to 


believe that its strata are, on the whole, arranged 
in the form of an elongated basin, as is ihe case 
with some other coal-fields, of which the boundaries 
are not hidden. A turning round, a change of 
strike, is observed at the southern end, while along 
the eastern side the easterly dip has lessened. It is 
thought that the axis of the synclinal — that is, the 
line along which the dip would change in direction 
— is not far from the margin where the Permian 
beds come on; beneath the Permian, the Coal 
Measures would rise against its basa Hence, 
the coal-field seen is half the basin; the other 
half would probably yield its riches to such en- 
terprise as would be brought into action on any 
lise in the price of coal that is likely to bo perma- 
nent. Some collieries have indeed already been 
established on the Permian beds, and one even on 
the New Red sandstone, which penetrated over 300 
feet of these later strata before any of the Coal 
Measures were reached. Sir A. Ramsay estimated 
the hidden poHion of the coal-field at 900 square 
miles, and Professor Hull, who has given much 
attention to the statistical as well as to the 
geological bearings of the “ coal question,” esti- 
mates that, besides twelve thousand millions of 
tons remaining in the exposed coal-field, the yield 
of coal-seams over two feet in thickness from 
the concealed coal-field^ after deducting one-third 
for loss, would be over fifteen thousand millions 
of tons ! 

Thus a hunt for coal includes a search for new 
coal-fields. Their very obscurity gives a greater 
zest to the spoilt. 


HOW A FISH SWIMS. 

By Hans Gadow, M.A., Ph.D., 

Vew Museums, Cambridge, 


T he term “ swimming,” as it is used in ordinary 
convei’sation, is a very indefinite one, and it 
is by no means always applied to tiie right objects 
or to the proper occasion. Before we take up the 
subject of this paper, as to how a Jish swims, we 
must, therefore, come to a clear understanding about 
what, in our case, is meant by swimming. 

We say that a boat, or even a piece of wood 
swims, although the word float ” would be better 
employed in this case ; for by floating we generally 
understand the mere lying of a body on the surface 
of the water, in opposition to its not sinking down 
to the bottom. This motionless floating does not 


apply to a fish ; but there are many cases of 
actual j)rogress or motion of animals in the water, 
concerning which we use the word swimming ” in 
tlie proper and full sense of its meaning. Thus, a 
a duck, a horse, or man himself swims, when 
supported by the water, and therefore partly float- 
ing ; they make, with the help of their feet or 
arms, their way through this element. But there 
is a great difference between the swimming of such 
animals and that of a fish ; because the former, as 
air-breathing creatures, have, as long as they are 
swimming, to fulfil two duties: first, they have 
to* prevent themselves from being drowned, or. 
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ia other words, to keep their heads, or at least 
their nostrils, ubove the surface of the water; 
secondly, they have to make their way through it, 
either in search of food or in order to get out of 
the water as soon as possible. The latter is the 
ease with many quadrupeds, such as hares or cats, 
which, although not at all devoid of the power of 
swimming, are well known for their antipathy to 
water. 

The fish, on the other hand, is quite in a different 
position : the water is its home, and moreover, as 
it is provided with gills, there is no fear of its 
drowning ; thus it does not float or swim like the 
above-mentioned animals, on the water, but in it, 
surrounded on all sides by the water. 

Of course, we all know that there are many in- 
vertebrate animals equally fit for living in the 
water; and some — as, for instance, the so-called 
jelly-fish and the cuttle-fish — can even make fair 
progress through the sea, but there is no other 
class of animals which combines such a high 
rate of speed with the graceful motions of a fish. 
Whether near the surface of a raging sea, or in the 
vast abyss of the still ocean ; whether in the 
calmness of the inland lake, or buffeting the rush 
of a mountain torrent— wherever there is water, 
there we find fisL ^ 

We will now, therefore, glance at the structure 
of these wonderful creatures. 

Let us take, as an example of a typical bony fish, 
the well-known salmon, a perch (Fig. 4), or a carp. 
The salmon is extremely well fitted for cutting 
through the water with great speed. The body in 
its general shape may be compared to a wedge, the 
thick end represented by the head, the sharp edge 
by the fin of the tail. A transverse section through 
any part of the body is of oval shape, bi*oad near 
the back, narrow towards the ventral side. 

This wedge shape of the body is of great advan- 
tage to a fifiJi, which requires to swim lajndly, as, 
after the latter has got momentum, the currents of 
water produced by the onward motion of the body 
rush against its whole surface, and thus must press 
the animal forwarda The fish, theeefoi'e, resembles 
a wedge driven into the cleft of a piece of wood, 
the pi*essure of which upon the long sides of the 
wedge has the tendency to make the latter slip out 
in the direction of its thick end, and would cer- 
tainly do BO if the wedge were made slippery by 
fsome greasy substance. Another advantage of 
the heavier part of the body, or centre of gravity, 
being nearer the head than &e tail will be apparent 
if we remember that a similarly-shaped body — for 


instance, the root of a carrot — ^when thrown into 
the air, will always turn its thick end forwards 
and the tapering point of the root backwards. 

The outer surface of a fish is, as is well known, 
extremely slippery, the scales being directed back- 
wards and closely pressed to the body. There is 
nothing that could produce any resistance against 
onward or head-forward motion. 

The tail ends in a vertical fin, which is supported 
by numerous fine and elastic mys of bony matter. 
It is furnished with very powerful muscles, which 
are arranged along the sides of this organ, and can 
bend it forcibly to the right or left, while the 
up-and-down motion of the tail is very limited. 

The other fins are divided into two kinds — the 
unpaired or vertical fins ; and the )>aired, lateral, 
or horizontal fins. All the fins are supported, like 
the caudal fin, by bony rays, and can be erected 
or spread out, and be closed or laid down, in a 
fan-like fashion. 

Of vertical fins we have, besides the tail fin, the 
dorsal fin ; and on the ventral side, in front of the 
tail, a genei*ally shoii; anal fin. 

The lateral fins are one i)air Just behind the head, 
which, as a rule, are the largest and broadest — ^the 
pectoral fins, equivalent to our arms ; and one 
smaller pair, the ventral fins, which in the salmon 
or carp are situated near the middle of the tmnk 
on the ventral side. 

These two pairs of fins are the four limbs of the 
fish, and have muscles attached to their roots 
which enable them to be spread out or closed, 
and to be moved obliquely, up and down, forwards 
and backwards. 

This is the typical arrangement of fins, but it 
must be borne in mind that, if we take the 
whole class of fishes, the fins are subject to as 
great variations in foim and size as the animals 
themselves. Any of the above-mentioned fins 
may be altogether absent, or, as is the case with 
the pectorals in the fi 3 ring-fish, may attain an 
extraordinary development The rhomboid sha{)e 
of a ray is due to the enlargement of the pectoial 
fins. The ventral fins may be removed from 
their backward position, e.nd be situated jiist 
behind or even in front of the pectorals, on the 
throat, as in the gurnards. The dorsal fin is 
either very long or short, high or low, or it is 
split into two or three, as in the codfish. In 
the eel the dorsal and anal fins are vexy long, 
and are united with the caudal fin, forming a 
vertical fringe round the greater part of the body. 

The centrb of gravity of a fish is situated above 
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the centre of its body; its equilibrium thereforo- 
is unstable, and the animal has a tendency to turn 
belly upwards as when dead ; how this tendency is 
neutralised we shall see presently. 

Now, the explanation of the progression of a hsh 
might seem obvious enough ; because one might 
think that the four lateral fins are used like 
oars, by paddling the body of the fish forwards. 


FOR ALL 

tudinal axis of a fish, with its centre of gravity in c, 
the tail-fin, when at rest, will be at the point u. 
If the fish suddenly lashes out with its tail to the 
right from a to e, the pressure caused upon the 
water by this lash is equally felt by the tail, and is 
transplanted to the centre of gravity, c, with the 
effect of turning the fore part of the fish to the 
right, just in the same way as a rudder, when 



Fig. 1 .— The Coxxoe Pub (Etox ludm). 


and that the caudal fin and tail, like a rudder, 
are directing its course. 

But this is by no means the case, and a thoroughly 
satisfactoiy explanation of how a fish swims has 
not yet been discovered, as in the various theories 
hitherto started there still remain some doubtful 
and puzzling points. 

The progress of a fish through the water is not 
due to its fins, but the principal organ of motion is 
the powerful tail, which, as we can observe in any 
fish kept in a vase, makes alternately strokes to 
the right and to the left side. 

If A, c, B (Fig. 2) be a line going through the longi- 


tumed to the right, brings the bow of the boat 
round to the same side. 

If the fish strike back from ^ to a, the motion of 
the fore part will be reversed to the left, and, at' 
the same time, will be urged obliquely forwards in 
the direction of c h. If the same lash of the tail 
be repeated on the left side, the head will be pushed 
in the direction of c A. Both these strokes of the 
tail, from d to a and from e to a, according to the 
parallelogram of forces, will send the fish forwards 
in the diagonal of the parallelogram c, A, b, i ; this 
is in the direction of the longitudinal axis of the 
fish^. ^ ' • v: 
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As both the strokes cannot be delivered at the 
same moment, but first the right and tlien the left 
one, or mce veraA^ of course the fish does not travel 
in a straight line ; but, now being pushed some- 
what to the right (i) and then to the left side (A), 
describes a wave-like tracL This can easily be 

noticed if we watch 
a fish when swim- 
ming leisurely. 

According to this 
theory, which was 
first brought forward 
by the great Italian 
mathematician, Bo- 
relli, the fish, by the 
action of its tail, 

proceeds in precisely 

the same way as a 
boat is sent through 
the water by a single 
oar passed over its 

stem and handled 

obliquely alternately 
^ to the right and left 

Fig. 2. — ^Diagram enlaining the Action side, in a manner 

of a Fish’s Tail in Swimming. «« 

A B, longitudinal axis of the fish ; c, the ^hich We knOW aS 
centre of gravity. « SCulling.'' 

There are, however, several difficulties in this 
theory. The tail, while being moved from a to e 
(non-effective, or back stroke, as this is called by 
the authors), becomes curved, with the concave or 
biting side, e, directed forwards ; while during the 
forward, or effective stroke, from e to a, the convex 
surface, and therefore the more resisting one, 
presses against the water. The motion of the tail 
from a to e, of course, retards the progress of the 
fish, just as frequent use of the rudder lessens the 
speed of the vessel.* 

Now, if we sui)pose the force resulting from the 
flexion of the tail equal that of its extension, there 
wotdd be no progress pf the fish whatever, as both 
the back and the forward motions neutralise each 
other ; moreover, if the flexion of the toil be more 
effective than the extension — and this would cer- 
tainly be the case if both the strokes were made 
with the same force, as the back stroke has the 
advantage of the biting surface — there would be a 
retrograde motion, and the fish would go backwards 
from c to A. But as the fish swims forwards by 
the aid of its tail, either the theory of the sculling 
motion of the tail must be incorrect, or there must 
be some further explanation of the discrepancy be- 
tween theory and practice. 

281 . 
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There are, indeed, at least four circumstanceB 
which would cause the extension stroke to have a 
surplus of power, and would explain the difficulty. 

Firstly, the tail while making the outward stroke 
from a to e may move less rapidly than when 
lashing from e to a or from ^ to a. 

Secondly, the fin of the tail during the outward- 
stroke is either folded or less expanded, wlule 
during the extension, or inward stroke, the caudal 
fin is kept rigidly extended. Moreover, the muscles 
of the tail incline its broad plane 
and that of the terminal fin to the 
direction of its sideward motion, 
while as it passes towards a they 
present their whole plane perpen- 
dicularly to the line a b. This 
inclination, combined with a partial 
folding and expanding of the fin, 
would enable the tail to strike more 
powerfully in the direction towards 
a than from the line of progression. 

Again, the fish, when once in 
motion, causes a current behind it 
in the direction from A to b; this 
current offers comparatively but 
little resistance to the tail during 
its outward-stroke, whilst the re- 
verse stroke towards a meets with a 
much greater resistance, and thus 
makes this stroke more effective 
than the other. 

The above considerations will 
give a sufficient explanation of the 
alow onward progression of a typical 
fish, like a salmon, perch, or carp, 
the slow motions of the tail of 
which we can easily watch. 

But there are other fishes to which 
this theory is not applicable. This 
was first pointed out by Professor Pettigrew. He 
obseiwed that in the sturgeon, the movements of 
which are very slow and deliberate, the whole 
body in swimming is always thrown into two 
curves: one — the cephalic curve, as he terms 
it — ^made by the anterior half of the body; the 
other, a caudal one, by the tail These two 
curves are opposite to each other, the convex 
surface of the one looking to the right, that 
of the other to the left, as is seen in Fig. 3. This 
enables the sturgeon, during the flexion 6f the tail 
from the line a h towards to present always the 
convex, or less resisting, side to the water, whilst 
during the extension of that organ its biting^ or 


Fie. 3 . — Diagram 
01 the Swimming 
of the Stiirgeon, 
Bhowing the 
double curve 
hito which the 
body of the Fish 
is thrown. The 
dotted line with 
the two arrows 
shows the way 
and the direction 
described by the 
tip of the tail. 
(Adapted from 
Pettigrew.) 
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oohcave, sai*faoe is actifig. During the extension 
of the tail, when it is travelling towards the middle 
line, a ft, the cephalic curve balances, so to speak, 
the caudal one ; and the head travels over the line 
a ft towards i. When the tail is extended, it is 
immediately thrown over to tlie left 
side towards c?, and the cephalic curve 
to the right ; the fish is then in the 
position indicated by the dotted 
linea 

Thus the tail may move from side 
to side with the same mpidity during 
both strokes, and as the animal always 
strikes the water with the biting, or 
concave, sur&wje during the extension 
stroke (which, as we have explained 
before, produces the forward motion) 
and with the convex side during the 
flexion stroke, the former has constantly an 
enormous advantage over the latter — the resistant 
force of a concave body to that of a convex one 
under the same conditions being in the ratio of 
two to one. 

Another advantage of this kind of swimming is 
that, although the tail is moved rapidly from right 
to left, the tip always remains nearly in the line of 
progress, a ft, and so gi-eatly assists in steadying 
the course of the animal. 

Again, during the flexion of the tail, the caudal 
fin is not kept in a plane, but is curved in two 
directions — let us say, the upper end to the right, 
and the lower one to the left — and the tail itself 
with this curved fin is slightly inclined to the side 
of its flexion. 

When near the middle line the tail, of course, is 
straight, and so is the plane of its fin, kept perpen- 
dicularly in the same line. After the tail has 
passed the latter, all the positions are reversed. 
Now, it is clear that as by the flexion of the tail 
the fin is drawn forwairis from a' towards a (Fig, 3), 
the fin is caused to press with oblique planes 
against the water and act like a ship’s screw. It 
is, however, far better than such an artificial screw, 
because when passing the line a b the position of 
its, blades is immediately reversed, and as long as 
they are in the middle line they are kept straight, 
and do not ofier any resistance to the water ; whilst 
the screw of a ship, without exception, is under the 
great disadvantage that a considerable portion of 
the force exerted by its blades upon the water is 
directed backwards, and that the screw, if revolved 
beyond a given speed, ceases altogether to be 
efifectiva 


In a similar way as is described in the s tu rgeo n 
all those fishes move which, like the eel, are tA a 
greatly elongated form, and which, as a rule, have 
their tail surrounded by a very long but low fin. 
Such fishes bend their bodies in several curves, but 


Fig. 4.— The Biver Peroh {Perea fluviatilit). 

always in an even number, so as to compensate or 
to balance each other. 

Again, not only the long and slender fishes, but 
also the shorter and stoutly-built ones, like our carp 
and perch, if they want to swim quickly, make 
undulating motions with their bodies. The only 
difference is that the fore jmrt of their body can 
scarcely undergo any visible bending. If we watch 
such a fish when in quick progression, we see the 
hinder half of its body rapidly thrown into short 
undulating curves, which seem — as it appears to 
the looker-on — to come out of the trunk, and are 
directed towards the end of the tail. As these 
undulations are smaller towards the trunk, as the 
less flexible part of the fish, and greatest on the 
blade of the caudal fin, which, as described above, 
they whirl in a screw-like fashion, all the con- 
tinuous pressure against the water is directed back- 
wards. This force, being transplanted to the body 
of the fish, drives the latter* on in the opposite 
direction, head-forwards. 

The screw-like motion of the tail is also used 
amongst mammals — by the whales, and by the 
manatee ; however, we must remember that in 
these animals the two blades of the tail, or the 

flukes,” as they are called, are not placed verti- 
cally, but lie hoidzontally, and, consequently, that 
the strokes are delivered in an up-and-downward 
direction. A whale, according to Beale, when un- 
disturbed, passes tranquilly along just below the 
surface of the water, at about three or four miles 
an hour, which progre&s he effects by a gentle 
oblique motion from side to side of the fluk^ 
When desirous of proceeding at a greater rate, the 
action of the tail is mateiially altered ; instead of 
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b^ilig moved laterally and obliquelj^ it strikes the 
v^ater with the broad flat surface of the flakes in a 
direct manner, up and downwards. As Dr. Marie 
first observed, the lobes of the tail, when dried, 
assume opposite concave-convex curves, so *08 to 
produce a very close resemblance, both in curve and 
angle, to the blades of a screw-proi)eller ; ” and in 
the museum of the Boyal Oollege of Surgeons, in 
London, there are preserved the extremities of the 
tails of several dolphins, which, after being dried, 
remain in this position. This seems to prove that 
the whale bends the flukes into the same shape, 
and, therefore, that the mere act of striking up and 
downwards of the tail would produce a screw-like 
action, and drive the animal forwards in the direc- 
tion of its longitudinal axis. 

But this is not the only use of the tail. If the 
fish, when progressing through the water, keeps the 
tail bent to the right or to the left, with the con- 
cave side directed outwards, it will turn to the 
same side ; and the tail therefore acts precisely like 
a ship’s rudder. Again, many fishes, by giving a 
single forcible stroke to the water with their tail in 
a vertical direction, throw themselves out of the 
former. This they do for many purposes — either 
to catch an insect which flies over* the surface, or to 
evade the voracious mouths of their enemies, such as 
sharks, pikes (Fig. 1), dolphins, and other ravenous 
inhabitants of the deep. The salmon is well known 
for the jumping power of its tail, by the help of 
which it is enabled to overcome the various ob- 
stacles in a river, as weire or bars. The height of 
such a leap, although often greatly over-estimated, 
is known for certain often to amount to more than 
six feet. 

Hitherto we have only spoken of the progression 
of the fish in the direction of its longitudinal axis, 
and many of our I'eaders will be astonished that 
they have not heard even a mention of the other 
fins. As there exist no fishes which are absolutely 
without fins (for if the paired ones are greatly 
reduced the vertical ones are more developed, and 
vice ver8d)j it follows that the fins must naturally 
be of great service to the fish. ^ 

The main function of the fins — ^with the excejv 
tion of a few particular cases where they are really 
propelling organs, as we shall see later on — is to 
balance the fish’s body and to steady its course; 
It will be easily understood that the vertical dorsal 
and the anal fins, as they lie precisely in the longi- 
tudinal axis of the body, must find their represen- 
tatives in the keel of a ship, and thus accomplish 
the same purpose as that mechanism* 


The paired fins act in a similar manner ; for, by 
moving slightly up and downwards, they balance 
the body and keep it at the same level above the 
bottom. 

This has been proved by experiment. A fish 
deprived of its pectoral fins sinks down with 
its fore-part, and assumes an oblique position. If 
the pectoral and the ventral fins of one — for in- 
stance, those of the right side— are removed, the 
fish rolls over to the right ; and if deprived of the 
fins altogether, it turns completely round, belly 
upwards, like a dead fish, in which, of coume, the 
fins have ceased to act. If its dorsal and anal fins 
are cut, the course of the animal assumes a zigzag 
and very unsteady line. 

A few down-strokes of the pectoral fins will raise 



Piff. 5.— A, Air-bladder of the Common Carp {Cyprinvs carpio). In 
thia Fish the Air-bladder oonaists of two SaicB, the posterior and 
larm one of which opens by a Duct, b, into the Stomach, b, Air- 
bladder of the Herring (OZapsa harenqvs ) ; b, the Pneumatic Duct 
opening forwards into the Stomach, c. Air-bladder of Corvina 
iritpinoM, dorsal view; the anterior part of the Air-bladder 
branching off into several pecoUarly-shaped Sacs of smaller size. 

the anterior half of the fish, and will bring it 
nearer to the sur&ce ; if only the right fin be used, 
and make a few down-strokes, the creature will turn 
over to the left, and will take the oblique position 
characteristic of a shark when about to seize its 
prey, as it is obliged to do owing to the position 
of its mouth. Again, the backward striking of the 
right fin, whilst the other one is compressed to tho 
body, will wheel the fish round to the left. In 
fishes which, like the sharks, swim near the surface 
of the ocean, and which therefore have often to 
deal with the force of the waves, we see all the fins, 
including that of the tail, well developed and more 
strongly constructed than in other fislies which live 
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near the bottom of theses, at prefer the calm fresh- with musdes whidi can compress the air-bladder 

water lakea ‘ and diminish its size, so that die specific gravity of 

Whilst inquiring into the action of the paired the fish, which is nearly like that of pore wi^r, 

fins, we must farther bear in mind that they are gets greater. The fish in this case will sink. If 

placed in different positions in difterent kinds of the air is pressed into the anterior cavity and the 

fishes. Thus, in the shark their planes are more hinder one partly emptied, the centre of gravity is 

or less horizontal, and consequently their strokes shifted backward and the fish will assume an ob- 

are generally delivered in an up-and-down direction ; lique position, with its head rising, and vice vend. 

whilst in the carp the pectorals are more removed In this way the presence of an air-bladder must 

from the ventral side, and inserted nearer the greatly assist the fish in its motions but it must be 

lateral line, with their planes standing almost ver- remarked that this hydrostatic use of the air- 

tically ; therefore, the strokes of such fins will be bladder may only have been fortuitous, and that 



Fig. 6.— The 8ba-bob8X (Hippocampm hreviroririt). 


delivered backwards and forwai’ds, and can, if its main purpose may be for some kind of respira* 
necessary, add to the progression by paddling like tory function. 

the oars of a boat. We have seen how a typical fish swims, and we 

Many fishes — as, for instance, the rays and have only now to remember that there exist many 

sharks— do not possess an air-bladder (Fig. 6), other fishes which move, as it seems, in quite a 

which is a proof that this organ, the purpose of different way. The rays swim by flapping with 
which has been so much contested, is not essential their enormously-onlarged pectorals, and the tail is 
for swimming. In the vast majority of fishes, how- only little used ; the flat-fish move their whole 
ever, the air-bladder lies in the cavity of the body bodies in several wave-like curves up and down- 
between the back-bone and the intestines, and is wards ; the pipe-fish progresses by means of an 
filled with gases of various composition. Its undulating motion of its long dorsal fin ; and 

shape and size are subject to the greatest varia- the sea-horse (Fig. 6) uses the same organ in a 

tions. In a numerous group of fishes the air- whirling screw-like fashion. But these are more 
bladders open by a duct into the intestinal canal, or less extreme cases of the elaboration of arrange- 
and thus may be partially emptied ; in others there ments which, after all, are dependent upon the 

is no aperture whatever. (VoL I., pp. 332, 333.) same general principle as those more typical cases 

Inmany fishes the walls of this organ are furnished which alone could here be treated in detail 
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FIRE-DAMP AND THE SAFBTY-LAMP. 

By I&A Bbmsev, 

Profeaor of Ohemittry in iK$ Johm Bopkins Univoroity, Baltimore, U.B.A, 


side of a pool of stagnant water is not the 
X most attractive spot that could be selected 
for the purpose of studying nature ; but we should 
not have to remain there long before noticing that 
the surface of the water is from time to time dis- 
turbed by the rising of bubbles. If we should 
stir up the material at the bottom of the pool 
with a stick, the bubbles would rise much more 
rapidly. They might rest for a moment on the 
surface of the water, but they would then burst 
and there would be nothing visible left. Any one 
with an inquiring turn of mind would at once 
ask. What causes these bubbles] They look 
like air-bubbles, but how can air be given off 
from the bottom of a pool ] In order to deter- 
mine what the substance is which thus rises 
through the water and escai)es, we must in some 
way get possession of it, and then study its pro- 
perties. To accomplish this it is only necessary 
to bring a good-sized bottle under the surface 
of the water in the pool, and, after it is filled, 
invert it, and place a funnel in its mouth. The 
funnel should be tied to the bottle to prevent 
its falling. Now if this piece of apparatus is 
placed over the rising bubbles, they enter the 
bottle instead of escaping into the air, and, as 
they enter, an equal volume of water is driven 
out, and gmdually the bottle becomes filled with 
the gas. If the bottom of the pool is stirred 
up the amount of gas which rises is increased 
in quantity, and the process of filling the bottle 
is hastened. The accompanying illustration 
(Pig. 1) will show clearly how the apparatus 
is managed. 

A very slight examination is sufficient to show 
that the gas in the bottle is not ordinary air. If 
a lighted match be applied to it, it takes fire and 
continues to bum. If examined in the laboratory 
by the most refined methods of chemical analysis, 
it is found to consist mainly of one gas, while mixed 
with it are some other substances which may be 
regarded as impurities. The fact that it is found in 
stagnant pools or, in general, in marshes, has given 
it one of its names, mctrsh gas. It consists of two 
elements, hydrogen and carbon, and is hence known 
as a hydro-caa^hon, A very large numl)er of these 
hydro-carbons are known to chemists, and a great 


deal of time and labour has been spent in study- 
ing them. It is now known that most of those 
intricate and interesting substances which are 
found in the organs of plants and animals may be 
derived from the hydro-carbons. Petioleum (p. 
121) is made up of a number of diffeiont hydro- 
carbona Some of these are gases at ordinary 
temperatures, some are light liquids which are 
converted into vapour by a very slight amount of 
heat, while others require a greater amount of 
heat, and so on. Now of all the hydro-carbons, 
marsh gas is the simplest It is, as it were, the 





Fig. l.^Collectisg Gas from a Stagnant Pool. 

mother-substance of the whole group, and, in con- 
sequence, it is of great importance in chemistry, 
and a complete account of it would involve a dis- 
cussion of many of the most profound problems 
of the science. But let us rather keep in mind 
matters of more general interest to those who are 
not chemists, for there is enough to occupy us 
profitably without going into abstruse scientific 
questions. Let us attempt to discover why marsh 
gas rises from pools of stagnant water ; whether 
it is found under other conditions in nature ; how 
we can make it in our laboratories ; and why it 
has attracted general attention, and, under another 
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name, has become the terror of the inbabitants of 
coal-mining regions. 

In marshy pools there are always the remains 
of plants in the form of grass, leaves, &c., and 
these, as we can easily convinoe ourselves, are 
undergoing decay. They are made up mainly of 
carbon, hydrogen, and oxygen, and it ap})ears 
probable that the marsh gas owes its formation 
to this process of decay, but without proof we 
should not be warranted in accepting this con- 
clusion. There may be other substances in the 
water or under the earth which give rise to its 
formation. To test this, we may collect some 
leaves and other parts of plants, place them under 
pure water in clean vessels, into which no foreign 
matter can gain access, and then expose the mass 
to the action of the air and sun. Slowly the pro- 
cess of decay will begin, and in time we shall have 
an artificial stagnant pool It will be found that 
this will conduct itself essentially like the pool 
in the marsh. The bubbles will rise, and stining 
the mass at the bottom will increase the amount 
of gas given ofi*. On collecting the gas and com- 
paring it with that obtained from the marsh, the 
two will be found to be identicaL The leaves and 
other materials placed in our tank, will be found 
to have undergone change. They will be seen 
to be disintegmted and darkened in colour. This 
experiment proves that mai'sh gas may owe its 
existence to the decay of vegetable matter under 
water, and it is fair to conclude that this is the 
cause of its formation in marshes. 

If the vegetable matter were left exposed to 
the air it would also undergo decay, but the pro- 
ducts would not be the same. The oxygen of 
the air would convert all the carbon into carbonic 
acid, and the hydrogen into water. Under the 
water, however, there is not enough oxygen to 
effect these changes. There is, to be sure, some 
oxygen in the substances themselves, and this com- 
bines partly with the carbon, forming carbonic acid ; 
but there is not nearly enough of it to convert all 
the carbon in this way, and that which is left 
combines with the hydrogen to form the hydro- 
carbon mai*sh gas. The difference between the 
process of decay in the air and under water, is 
similar to the difference between burning a piece 
of wood with free access of air and heating it in 
n closed vessel. In the former case we know the 
wood bums up, as we say ; that is, it disappears 
almost completely ; and if we were to examine the 
smoke, we should find it to consist largely of 
carlK)nic add and water. In the latter case, after 


high heat has been applied to the vessel, and the 
change is completed, there is left a black mass, 
which we call charcoal, consisting mainly of carbon.. 
Among the substances given off there is always 
under such circumstances a considerable quantity 
of marsh gas. The decomposition of the vegetable 
matter in the closed vessel is to be compared with 
the decay under water, in so far as both processes 
are effected without access of air. 

The simple experiment with the vegetable matter 
in the tank of water, represents in miniature not 
only the changes which are going on in marshes, 
but mightier changes which have taken place in 
ages past, and which have resulted in the formation 
of our great coal-beds. It has been shown by 
geological, and botanical and chemical examinations, 
that these coal-beds are the remains of vast forests, 
which were at one time submerged, and then, under 
peculiar conditions, underwent jmrtial decay. 
Among the products formed in the first stages of the 
process, there would naturally be marsh gas, and it 
is probable that this gas would continue to be 
formed as long as the material undergoes change. 
At first this would escape for the most part, but as 
the mass of coal by continued change became harder 
and harder, and as it came to be covered by 
layers of earth, and these in turn became harder 
and harder, forming an impervious layer above the 
coal, the escape of the gas would be, at least, partly 
prevented. It would tend to collect in cavities in 
the coal and there remain, accumulating slowly, 
until by its own ever-increasing pressure it forced 
an opening of escape, or until man, in his advances 
upon nature^s stores, set it free by accident. 

Of course, unless marsh gas is actually met with 
in nature in connection with coal-beds, the above 
remarks would be but idle speculation, and would 
scarcely be worthy of attention. But if, reasoning 
ujwn a basis of well-established facts, we are led to 
expect the formation of a certain substance under 
certain conditions, and we actually find that the 
substance is formed under those conditions, then we 
may fairly conclude, until evidence to the contrary 
is pix)duced, that our reasoning is correct. This is 
exactly the state of the case with reference to the 
occurrence of marsh gas. The gas is found in 
enormous quantities in connection with coal-beds, 
just as we should expect, and not a year passes 
that we do not hear of its escape, and the awful 
consequences which usually foUow. But we are 
anticipating. 

In some parts of the earth there are fissures in the 
ground from which a gas is constantly escaping. 
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On the shores of the Caspian Sea at Baku such a 
gas is burning, and has been burning for ages, 
forming the celebrated sacred fire of Baku. This 
place was formerly visited annually by thousands 
of pilgrims, and is still visited by a few Peinsian 
fire-worshippers. Fifteen miles north-east of Baku 
is a fire temple ; a remarkable spot, somewhat less 
than a mile in circumference, from the centre of 
which a bluish flame is seen to arise. Here are 
email houses, and the inhabitants, when they wish 
to smother the flame, cover the space enclosed with 
walls by a thick loam of earth. When an incision is 
made in the floor, the flame arises ; and when it is 
no longer wanted for culinary or other purposes, it 
is again suppressed by closing the aperture. Tlie 
whole country around Baku has at times the 
appearance of being enveloped in flames. It often 
appears as if fire rolled, down the mountains in 
large masses with great velocity ; and at night a 
bright blue light is observed to cover the whole 
western range of hills.” Large quantities of 
naphtha are obtained from this region, which 
evidently resembles the Pennsylvania oil districts. 
The gas has been collected at Baku and examined, 
and found to be mainly marsh gas, and it is supix)sed 
that the fissures from which it escapes communicate 
with subterranean coal-beds, in which the gas 
accumulates under pressure, and then forces its 
way out through the earth. In the village of 
Fredonia, in the State of New York, the same 
gas also escapes, but it has never formed the 
sacred fire of the New World. It has long been 
treated prosaically, being utilised for illuminat- 
ing purposes — nature, in this case, enabling the 
inhabitants to dispense with the expensive luxury 
of gas-works. Wherever there are petroleum 
wells this gas is present, and escapes from the 
cavities which are punctured for the purpose of 
procuring the oil, and the escape is in some cases 
80 abundant that the material is utilised for heat- 
ing and illuminating purposes. 

I have thus mentioned the chief conditions under 
which marsh gas is found in nature, and it will be 
seen that these conditions are probably all of the 
same general nature. They are such that the decay 
of vegetable matter can take place without access of 
air, and this decay may bo looked upon as the 
cause of the fonnation of the gas wherever it may 
be found in nature, whether rising slowly from the 
Jbottom of the stagnant pool ; bursting suddenly 
forth from its enclosure in a coal-bed ; issuing from 
the fissures which it has made in the earth ; or 
acoompanying the other hydro-carbons which go to 


make up that valuable and complicated mixture, 
petroleum. 

As was stated above, the gas is formed when 
wood is heated in a vessel in such a way as to pre- 
vent the free access of air. Many other substances 
are formed at the same time, some of these being 
liquid, and others gaseous. All the gaseous por- 
tions mixed together form a very good illumi- 
nating gas, and in some places it is found to be 
convenient and profitable to heat wood for the 
express purpose of manufacturing gas. So, also, 
when the diflerent varieties of coal are heated in 
closed retorts, they, as is well known, give oS* gases 
and liquids, and leave behind a solid. Some kinds 
of coal yield much moi’e gas than others ; and these 
are used for the purpose of manufacturing coal-gas 
(Vol. IV., p. 167). Coal-gas always contains a con- 
siderable quantity of marsh gas. Thus it is seen 
that we may either start from the vegetable matter, 
and by a very slow series of changes, obtain marsh 
gas ; or we may heat it, and obtain the gas at once ; 
or we may take one of the products of the change 
of vegetalJe matter — namely, coal — and by heating 
this obtain the gas. 

But while all the processes mentioned lead to 
the formation of marsh gas, and in some cases in 
enoimous quantities, to obtain it in pure condition, 
for the purpose of study, it is much more conve- 
nient to simply mix together acetate of sodium, 
caustic potash, and lime, and then distil. In this 
way we can obtain possession of any desired quan- 
tity, and in purer condition than that which we get 
directly from nature. 

And, now, what are the properties of marsh gas 1 
The fact that it bums has been repeatedly stated. 
When it bums it is converted into carbonic acid 
and water, and nothing else. It is not an active 
poison, but if it were to be breathed into the lungs 
for any length of time death would ensue from 
lack of oxygen, in much the same way as in the case 
of drowning. It has no odour and no taste. But 
one of its most striking properties is its power of 
foiming explosive mixtures. If it be mixed with 
air in certain proportions, varying between six 
and fourteen parts of air to one of the gas, it only 
needs a spark to cause the entire mass of gaseous 
mixture to explode with violence, the violence of 
the explosion varying with the proportions of tho 
constituents. A mixture of one imrt of the gas with 
eight to ten of air is the most explosive. We can, 
of course, easily make such a mixture in the labo- 
ratory, and, if this be brought into a vessel with a 
large mouth, it may be exploded without danger, by 
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applying a lighted taper tp the gas at the open 
moutL Or evidence of the force of the explosion 
may also be obtained by inflating a mass of soap- 
bubbles with the mixture and applying a light. It 
would require but a few such experiments to inspire 
us with respect for the gas. Other hydro-carbons 
besides marsh gas have this same power of forming 
explosive mixtures with air. This is particularly 
true of the hydro-carbons in petroleum, and the 
lamp explosions which we hear of altogether too 
frequently are due to the presence in the petroleum 
of certain volatile hydro-carbons, which should be 
I'emoved in the process of refining. These are 
readily converted into gases, which, when mixed 
with air, give rise to the explosions. 

With the facts already in our possession, we are 
prepared to divine the cause of colliery explosions, 
and for the consideration of certain matters of im- 
portance connected with them. No one need be 
told of the frequent occurrence of terrific explosions 
in coal-mines, often involving enormous loss of life 
and the destruction of a vast amount of property. 
From what has been said, the cause of these explo- 
sions must be clear. The marsh gas escaping from 
coal-beds is likely to be met with at any time in a 
coal-mine. It may be given off gradually, and in 
small quantity, and do no harm if good ventilation 
is kept up ; but let new cavities be opened, or let 
fissures be formed, so as to permit of the escape of 
a large quantity of the gas, and what will be the 
consequence ? As soon as a mixture of the proper 
proportions of air and the gas is formed, it only 
requires the momentary contact of a flame, or spark, 
to cause the dreaded explosion. The miners are 
familiar with, the gas, and, from the fact that it 
bums, they call it fire-damp. In a similar way, 
carbonic acid, in which breathing is impossible, and 
which does not burn, is called by them choke-damp. 
The terrors of both of these are encountered in coal- 
mines, and, in fact, in the case of an explosion, both 
may contribute to the fatal results. When the 
explosion occurs, the fire-damp, or marsh gas, is con- 
verted into choke-damp, and an occupant of the 
mine may escape the direct effects of the explosion, 
only to be stifled to death by the choke-damp before 
he can make his escape. 

As the setting free of fire-damp is necessarily 
connected with the opening of coal-beds, and as the 
miners must have light to enable them to do their 
work, explosions would seem to be unavoidable. Of 
course, we think at once of protecting the flames of 
the miners’ lamps, but if we cut off completely the 
communication between the flame and the air the 


flame will certainly be extinguished. Here, then, is 
plainly an important and difficult problem for solu- 
tion. We know that the fire-damp of the miner is 
likely to show itself wherever new openings are made 
in the coal-beds, that, indeed, in some mines it is con- 
stantly escaping ; we know that it is very dangerous 
to have unprotected flames in the mines, and we 
know that the flames must be there, and must com- 
municate with the air, in order that they may con- 
tinue to burn. Is it possible to avert the danger ? 
This question had frequently been asked, we may 
believe, before it was finally answered. In the 
early part of this century a number of gentlemen 
residing in the colliery districts of England, being 
fully aroused to the great dangers connected with 
the work of the miner, formed themselves into a 
committee to investigate the subject. They suc- 
ceeded in engaging the services of Sir Humphry 
Davy, who was then at the height of his popularity, 
and he at once began a series of careful studies, which 
resulted in a satisfactoiy solution of the problem. He 
invented the “safety-lamp,” which, in spiteof numer- 
ous rivals and its admitted imperfections, is still in 
use, having undergone but slight modifications since 
it was perfected by him. This lamp is a very simple 
piece of apparatus, but, in order that we may tho- 
roughly understand it, it vrill be necessary to inquire 
into a few principles upon which its success depends. 

In the first place, then, we must bear in mind 
what a flame is. The lamp bums, as we say. 
That is, the oil with which the lamp is filled, is 
drawn up by the wick ; it is then heated and con- 
verted into gas, and the gas burns. Now a flame, 
no matter where we may meet with it, no matter 
from what it may be formed, is always a burning 
gas. The gas may be furnished directly, as in the 
case of our ordinary illuminating gas ; or it may be 
made from a liquid, as in the case of lamps ; or it 
may be made from solids, as in candles, or in the 
burning of a piece of wood or coal. But in all these 
cases the material is converted into a gas, or a 
mixture of gases, before the flame appears. In 
order that a gas may bum, it must first be heated 
to a certain temperature, called its temperaUmre of 
ignition. This is equally true of everything capable 
of burning. Take a piece of wood, for example. 
We know that this wood must be heated to a high 
temperature before it will bum, and then the whole 
piece does not bum at once. The burning begins at 
the heated point, and from this jK)int heat enough 
is communicated to the parts immediately adjoining 
it to cause them to bum. These, in turn, heat up 
the succeeding parts, and so on, until the entix^ 
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Fijf. 2.— Flame in 
Ordinary Condi- 
tion. 


mass is afiected. We know how difficult it is to 
get a large piece of wood to burn sometimes. This 
is due to the fact that we cannot 
get a large enough part of it heated 
up to the burning temperature to 
communicate the requisite heat to 
the rest. If we cool down any 
burning body below its burning 
temperature, the burning neces- 
sarily ceases. 

By means of a few simple ex- 
jjeriments we may illustrate these 
facts with a flame. The flame of 
an alcohol lamp will answer the 
purpose, but a gas flame from a 
Bunsen burner, such as is com- 
monly used in laboratories (Fig. 2), 
is better. Both these flames have 
the one property in common, that they do not 
deposit soot upon objects placed in them. Now 
light the gas, and bring down 
upon it a piece of brass or 
iron wire gauze. A piece four 
or five inches square may bo 
held at one comer in the hand. 
It will not grow too hot during 
the experiment. Although the 
amount of gas which escapes 
fi’om the burner is the same 
now as before the gauze was 
placed over the flame, there 
is no flame above the gauze. 
We may even press the gauze 
down very near to the burner without the appear- 
aiKJe of any flame above it (Fig. 3). But if we apply 
a lighted match to the upper 
part of the gauze, a^ flamo 
api»ears immediately, and con- 
tinues to burn, the gauze now 
having no perceptible influ- 
ence on it. 

If, on the other hand, the 
gauze be held about two inches 
above the burner before the 
gas is lighted, a light applied 
above it will cause a flame to 
appear above, but not below 
it (Fig. 4), while, if the light 
be applied at first below the 
gauze, the flame will appear 
below, but not above it. In either case the flame 
may be made continuous by lighting the gas above 
and below the gauze. (V oL I., p. 354.) 

232 
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Pig. 4.-— Flame above 
the Gkuze. 


Or, further, a spiral of wire may be so intro- 
duced into the flame of an alcohol lamp (Fig. 5) as 
to extinguish it, though the spiral plainly does 
not act as an ordinary extinguisher, for it cannot 
exclude the air. Thick copper wire is well adapted 
to the purpose. It sliould be quickly introduced. 

How shall we explain these simple facts t It can 
be shown that they all depend upon the cooling 
of the gases. The wire gauze j^laced in the flame 
conducts off a certain amount of heat, and is not 
at first as hot as the flame, hence that portion of 
the gas which passes through the 
gauze is cooled down slightly below 
its temperature of ignition, and 
cannot burn. But if we light it, 
that is, heat it up to its temperature 
of ignition, then it furnishes the 
necessary heat to light those portions 
of gas which afterwards pass through 
the gauze. A similar explanation of 
course holds for the second case 
mentioned, viz., that in which the 
flame is firat above the gauze. There 
is not enough heat conducted through 
the gauze to set fire to the lower column of gas. 
Similarly the alcohol flame is extinguished because 
it is cooled down by the spiral. 

We have thus given the commonly accepted ex- 
planations without giving any proof of their cor- 
rectness. If they are correct, then it must be 
only necessary to heat up the gauze in the first 
experiments and the spiral in the last to prevent 
the effects described. This can easily be tested. 
If the gauze remain long enough in the flame to 
become heated up to the temperature of the flame, 
the latter strikes through. Or if the gauze be 
hot enough when brought down upon the flame, 
no eflect is produced. So also if the copper spiral 
be heated before it is introduced into the alcohol 
flame, it does not act as an extinguisher. A great 
many other experiments might be described, proving 
the same thing. 

It has been found further that metallic tubes 
of small calibre, as well as gauze, prevent the 
passage of flame. Tubes one-fifth of an inch in 
diameter and an inch and a half long are efficient. 
Or a bundle of wires {placed in a larger tube, in 
such a way as to fill it as far as possible, forms an 
apparatus which has the same power. Such a 
tube is sometimes usea for the purpose of safety 
in connection with explosive mixtures of gases. 
It being impossible for flame to pass through it, 
of course its attachment to a vessel conbiining an 
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explosive mixture will diminish the danger. In 
short, anything consisting of metal, and in which 
the apertures are small, will effect the cooling of 
gases which pass through, and if the gases are 
burning on one side of the apparatus, the flames 
are extinguished in i)assing through. 

But what has all this to do with Davy’s safety- 
lamp ] The object of this lamp, as we know, is 
to prevent explosions of mixtures of fire-damp and 
air, and still permit the use of lights in the mines. 
When a flame is applied to such a mixture, there 
is an instantaneous burning of the mass, the burn- 
ing temperature being very rapidly communicated 
through the mixture. The elevation of tem- 
perature which accompanies the burning causes 
a sudden and great expansion of the gases ; and 
the rapid burning and expansion together con- 
stitute the explosion. Gunpowder explodes in 
a similar way. It requires but a spark to decom- 
pose the smallest particle of the powder, and the 
action is then communicated with great rapidity 
through the mass. When it decomposes, it is 
converted largely into gases, and the volume is 
enormously increased. In both cases the main act 
is that of burning or combustion, and this takes 
place so readily because the substance burned is 
intimately mixed with the substance which furnishes 
the oxygen necessary for the combustion. In the 
mixture of fire-damp and air, it is the former 
which bums, and the latter which furnishes the 
oxygen. In the gunpowder, two substances, carbon 
(charcoal) and sulphur, bum, while the oxygen is 
furnished by the saltpetre, the third constituent, 
which contains a largo proportion of the gas. 

The explosion then is a rapid combustion. But we 
have seen that a gas must be heated up to a certain 
temperature before it can bum, and, if we can 
prevent the mixture in the mine from becoming 
heated up to this temperature at any point, the 
explosions can be averted. The wire gauze may 
be brought to our assistance. The first thing that 
naturally suggests itself is to surround the lamp 
flames with gauze. Let us see how this would 
work. Suppose the flame thus protected should 
be introduced into the explosive mixture, what 
would take place The gaseous mixture would, 
of course, pass without hindrance through the 
gauze, and come in contact with the flame. That 
portion of gas inside the gauze envelope would 
explode, and perhaps a number of such small 
explosions might take place. These would dis- 
tinctly give the word of danger to the miner. But 
though the explosions take place within the gauze. 


the heat necessary to ignite the large mass without 
is not communicated through it, and the awful 
results are avoided. 

This certainly sounds 
well, but it must be 
remembered again that 
it is one thing to specu- 
late on a subject, and 
often quite another to 
prove the correctness of 
the conclusion drawn. 

In this case, fortu- 
nately, the reasoning 
is correct. A candle 
or lamp, the flames of 
which are protected in 
the manner described, 
may be lowered into a 
vessel containing an ex- 
plosive mixture with- 
out danger of explosion. 

mi • X 1 6.— The Safety-Lantem, with 

The experiment can be its Air -Feeder and Chimney, 

furnished with Safety MetalUo 
easily tiled in the Canals, The Bides arc of horn 

laboratory, and has 

frequently been made. 

There is no doubt as regards the result, and hence 
the problem which confronted us a few minutes 
since is apparently solved, 
and by the simplest means. 

Minor questions may now 
come up as to the most con- 
venient form of the lamp, 
cfec., but the problem is essen- 
tially solved. 

When we consider the 
simplicity of the lamp we 
fail to obtain a just idea of 
the amount of labour which 
had to be gone through 
before success was achieved. 

It is fascinating to turn to- 
day to the paper of Davy,* 
in which he gives an account 
of the experiments he un- 
dertook in working out the 
problem of the safety-lamp. 7.-7^An jL^d Lamp, 
We can become familiar with 
the workings of his mind, 
and we cannot fail to admire 
the beauty of his methods* As we read, our own 
thoughts keep pace with those of the writer, until 

* ** PhiloBophioal Transaotioiui of the Boyal Society of 
London,” Nov. 9th, 1815. 
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we can almost imagine ourselves the successful in- 
ventors. Here are given some cuts illustrating a 
few of the diffei'ent forms of the lamp suggested by 
Davy. These illustrations are copied 
from the original paper (Figs. 6 — 10). 

The lamp, in its perfected form, 
only requires an ideal workman — 
that is, one who will always think 
to put his lamp out before he opens 
it. But workmen become accus- 
tomed to danger, and after a time 
scarcely give it a thought. To pre- 
vent accident from thoughtlessness, 
it has been found necessary to add 
some attachments to the lamp. 
Tliese aj’e mainly — first, one which 
makes it possible to light the lamp 
without opening it; and, secondly, 
one which makes it impossible to 
open the lamp without first extin- 
Tube^ lmiiSiied guishiiig the flame. In the form in 
which it is at present commonly 
used, the lanip is here represented 
(Fig. 10). It is a stout glass lantern, 
with wire gauze above, and small openings below to 
admit the aii* necessary to keep up the combustion. 

It should be mentioned here that at the same 
time that Davy was engaged in his 
work, George Stephenson, then an 
engine-tender in a colliery in North- 
umberland, was studying the same 
problem, and that he also succeeded 
in inventing a safety-lamp, which, 
in 2 ^rincii)le, is identical with that of 
Davy. The lanqi illustrated in Fig. 
1 1 is a modification of the Stephen- 
son lamp, the characteristic feature 
of the latter being the glass cylinder. 
But it is unnecessary to go into 
details on this i)oint.* I have desin^l 
to make clear the principles of the 
and, believing that this has been 
done, I can leave the subject, with a brief reference 
to a source of danger in coal-mines which has only 
recently been recognised. 

It is known that, in spite of all precautions, ex- 
plosions do occur in coal-mines. This subject 
engaged the attention of Mr. Galloway, an inspector 
of mines in England, and, from his investigations, he 

* Thft priority of the Davy over the Stephenson lamp and 
vice veraA has been a subject of bitter controversy. In reality 
each inventor worked independently of the other, and deserves 
equal credit. Tliose curious regai'ding the matter are referred 
to Dr. Smiles’s “life of Stephenson,” pp. 167, 169, 171, 176. 


came to the conclusion that some connection exists 
beween the occurrence of these inexplicable explo- 
sions and the firing of shot, or 
blasting. In seventeen out of 
twenty-two explosions, oc.c\ir- 
ring within a given period, it 
was shown tliat a shot had 
been fired just before the ex- 
plosions. It ap 2 >ears that the 
cause of the explosions under 
these circumstances is the 
forcing of the flame through 
the apertures of the gauze of 
the lamp by the wave of air 
following the firing of the 
shot, or the sound-wave, as it 
is called. Mr. Galloway has 
shown that certain sound- 
waves can act in this way. 

Experiments can easily be 
jierformed which ])rove it If, 
for instance, a Davy lanif) be 
placed at one end of a long 
open tube, and surrounded by 
an atmosidiere of fire-damp 
and air, and a pistol bo fired at the other end of tlu^ 
tube, the flame is driven through tlu^ gauz(‘, and 
the mixture explodes. Of course this result may 
be avoided by the use of lamps in 
which the flame is surrounded by a 
glass cylinder, as in Fig. 11. 

Tlius I hope I have shown tliat 
there are interesting lessons to be 
learned from a pool of stagnant 
water. We started with the simple 
observation of an occasional bubble 
rising through such a pool. From 
this we were led to the study of 
marshes, and from these to coal- 
beds. We found that all of these 
have certain features in common, 
and that the formation of marsh 
gas or fire-damp is to lie noticed in 
connection with all of them. 

The presence of the fire-damp in 
the coal-beds was found t6 be a 
source of danger to the miner, and how to avert 
this danger was a question which next occupied 
our attention. The investigations of Sir Hum- 
phry Davy, which led to the invention of the 
safety-lamp, were then naturally taken up, and the 
principles upon which the lamji now in use is 
based were found to be well worthy of consideration. 




Pig. 9.~A Cy- 
liuier of (iauze 
Burrouudiu^ a 
Lamp Flame. 


safety-lamp, 



Pij?. 10. —The Fiual 
Form. 



Fifr. 11. -Modifi- 
cation of the 
Stephenson 
Lamp. 
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THE OLD LIFE OF EUROPE. 

By Professor P. Martin Duncan, F.R.S., etc. 


I F any scientific man had stated, at the time when 
the great Newton was establishing the solid 
foundation of celestial and terrestrial physics, that 
Europe was formerly a howling wilderness, the 
home of several kinds of elephant, rhinoceros, and 
hysena, and the roaming-ground of a lion and of 
the grizzly bear, he would hardly have been tole- 
rated. Had he expressed his belief that the 
hippopotamus flourished in Yorkshire, and the 
reindeer in the south of Prance, he would have 
been considered insane. And had such an one 
written that man then lived as a hunter, that he 
dwelt in caves and rock shelters, and used rude 
weapons of stone to get at the marrow of the 
gigantic beasts he pursued, no language would 
have been sufficiently strong to be used regarding 
such folly. In the early part of this century no 
credence would have been given to the philosopher 
who asserted that, at a time just prior to that 
which was the age of the great animals of Euroi)e, 
the whole of Northern Europe, Northern Asia, and 
much of North America had a climate resembling 
Greenland of the present day. And fifty years 
since, the geologists who asserted that, in a still 
earlier age, the northern parts of the earth within 
a few degrees of the pole had a delightful climate 
and a luxurious vegetation, and that at that time 
India, Africa, and Europe were united, and had 
many animals in common, would have been in- 
stanced as true examples of the votaries of a 
pernicious science. Now the doubters of these 
statements are in the minority, and their truth can 
be established in the mind of any moderately well- 
educated person who is competent to argue a little 
upon the bearings of facts. The struggle between 
the teachers of these novelties and the exponents 
of public opinion has been constant and sharp, 
but it has ended in favour of truth, that is to 
say, of scientific explanation of well-observed facts. 
No one doubts that huge kangaroos, of kinds 
now extinct, lived in Australia before man ap- 
peared there ; no one discredits the fact that the 
mastodon, megatherium, and mylodon lived in 
South America, with many of the existing species 
of animals. But the cultured European stood 
aghast at the discovery of similar facts, which 
entailed the belief in the great antiquity of the 
human race in Europe, and the contemporaneity 


of man and extinct animaJa Take a common 
instance of the acceptation of the discovery of the 
remains of huge animals. The ancient town of 
Colchester has beautiful relics' of mediaeval art ; 
still earlier Norman architecture is to be seen, and 
the walls are of Roman age. There are Roman 
burial-grounds on the west of the town, and 
monuments, inscriptions, and coins testify to the 
former presence of a foreign and conquering 
race. Here and there, beneath the relics of the 
Roman occupation, rude pottery is found, bronze 
weapons are discovered, and also bronze and gold 
coins. These relate to the kings who reigned before 
the Roman Conquest. Occasionally rude stone 
weapons, polished on the surface, are found, and 
they denote a still earlier race. 

Now, about one mile and a half from the 
town, a clay deposit exists on a hill-side of the 
valley of the Colne, and in that clay teeth of 
elephants were discovered, and many insect- 
remains. The classical scholars soon proved that 
the Romans used elephants in war, and, although 
the proofs were wanting, they asserted that 
Csesar brought the great animals over with him. 
This unscientific explanation of the fact satisfied 
most of the people who had preconceived opinions, 
and had conscientious objections to elephants 
being dwellers in England. But the teeth of the 
elephants, when even superficially examined, were 
noticed to differ in shape, and in their details of 
construction, from those of the Indian or African 
elephant. There were two kinds, moreover. This 
was a puzzle, and then the insects were not like 
those of temperate climates. By-and-by excava- 
tion brought up bones of the hippopotamus, an 
animal which certainly did not come over with the 
Romans. The scientific explanation was that the 
possessors of the teeth and bones, and the former 
owners of the pretty wings, lived near where 
they died ; that the bones and teeth had been 
brought down by floods when the country pre- 
sented a different appearance to its present con- 
figuration — ^in fact, before the valleys were as deep 
as they are now. 

England and Europe are within a natural-history 
or distributional province, called the Palsearctic 
province, and it comprises the whole of Europe 
and^ Asia, with the exception of the vast countries 
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environed by the curve of mountains of Sind, 
Afghanistan, and the Hiuialayas. It is bounded 
by a line through China, and it includes Japan. 
Moreover, it is necessary to add to this great space 
the North of Africa, Northern Arabia, and Persia. 
This region is subdivided by Mr. Wallace as follows: 
The first sub-region is the European, and it contains 
Europe, limited to the south by the Pyrenees, the 
maritime and Swiss Alps, and the Alpine chain 
which is south of the Danube, and the Balkans, 
the Black Sea, and the Caucasus ; the boundary to 
the east may be said to be the Ural Mountains and 
the Caspian Sea. The second sub-region is the 
Mediterranean,^^ and it comprises South Europe, 
North Africa, with the extra-tropical part of the 
Sahara region, and Eg 3 rpt to about the first or 
second cataract on the Nile ; and it extends east- 
ward, through Asia Minor, Persia, and Cabul to the 
Indus. The third, or Siberian sub-region, consists 
of all North and Central Asia, north of Herat, as 
far as the eastern limits of the great plateau of 
Mongolia, and southward to about the upper limit 
of trees in the Himalayas. Tlie fourth, or Man- 
churian sub-region, consists of Japan and North 
China, with the lower valley of the Amoor ; and 
it should probably be extended westward in a 
narrow slip along the Himalayas, embracing 
about 1,000 or 2,000 feet of vertical distance below 
the upper limits of trees, till it meets an eastern 
extension of the Mediterranean sub-region a little 
beyond Simla. 

A glance at a map will show how varied is the 
physical geography of this province, and a little 
reading will discover what different climates there 
are in it. In the sub-region of Europe, there 
are the mountainous districts of the Alps, th(i 
table-lands of Central France, the broad valleys 
of the Rhine and Danube. There are the swamps 
and lakes of the North, the vast plains of Russia, 
the cold hills of the extreme North, and all the 
varied scenery of the British Islands. Some of this 
great district is within the Arctic circle, and some 
never, or very rarely, is exposed to frost. Geology 
proves that these varied scenes are comparatively 
new ; that the sea has worn the land, separating 
islands ; that the pluvial and fluviatile denudations 
have been vast since man has roamed over the 
country; and that in the last age, ice reigned 
supi’eme down to the latitude of the Thames. The 
present assemblage of animals is the outcome of a 
former one, and it has diminished in numbers with 
the progress of civilisation. Hence, the questions 
arising out of the distribution of animals in Europe 


are complicated, and different from those which 
have been referred to iu the countries of Australia 
and South America. 

The unity of the Palaearctic province, which con- 
tains Europe, is shown by the fact that, in spite of 
man and his influence on animal distribution, there 
are three families of vertebrata and thirty -five 
genera of mammalia peculiar to it, and which are 
not found in any other of the provinces of the world. 
Moreover, tlie absence of the peculiar animals of 
the other provinces is very remarkable, and indicates 
that a considerable sepai'ation has existed for long 
periods of time — for as long as the physical barriers 
which separate the provinces have been in existence. 
Some of these barriers are deserts, and others are 
high mountains, rivers, and seas, and, as a whole, 
the province is not limited so perfectly as the 
Australian (Vol. IV., p. 334) or the Austro- 
Columbian — the South American (Vol. V., p. 203). 

The provinces to the south of the Paleearctic are 
the Oriental and the African, and they are much 
better limited by nature. The result is that they 
have more peculiar and characteristic animals than 
the region which comprises Europe ; but they have 
not so many as Australia and South America. 

The striped hyssna is a member of the assemblage 
of animals within the Palsearctic province, for it 
inhabits Africa north of the Sahara, Asia Minor, 
and Persia. The other Lyeenas are the spotted and 
brown kinds, and the first ranges all over Africa 
south of the Sahara desert, the latter being more 
restricted to the south, so that they are at the 
present time not animals belonging to the European 
division of the Palaearctic province. Now, in the 
last geological age, and contemporaneous with early 
man, these two sjx^xios, or slight varieties of them, 
lived high up in Europe, and one of them flourished 
in this country. There was a hyaena which fre- 
quented caves, and lived on the cai'cases of dead 
animals. It was a great gnawer of bones, and 
made collections of them for the future study of 
the geologist It is called the cave hyaena [Hycena 
spelma ) ; but it is only a variety of the spotted 
kind, which now is South African in its home. 
The striped hyaena also lived in Europe, but iu 
smaller numbers, and its fossil remains have been 
found in Gibraltar. 

There is no doubt that a large animal, which 
ought to be classed with the other members of the 
group FelidcB (cats), lived in Europe, roaming over 
England and as far south as Gibmltar and east 
into Germany, and preyed on the young elks, deer, 
and bisons of its day. Cuvier described the remains 
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first of all, and called them Felis antiqua ; and 
Dr. Falconer, years afterwards, recognised them as 
belonging to the modern panther and leopard, and 
thus associated another living form of beast of prey 
of African and Eastern distribution with the hyaena 
of Old Europe. At the present time the Felia 
pardus — the panther and leopard — is found in 
the warm regions of Africa and of Asia, and beyond 
the European province. 

Remains of smaller cats liave been found in the 
caves and river deposits of England and Europe, 
and one set belongs to the common wild cat {Felis 
catiis) ; but other bones are not those of that 
widely distributed living s])ecies. Professor Boyd 
Dawkins, after careful comparison, decides that 
these bones once belonged to a living cat resembling 
Felis caffer of Africa. Hence another element of 
the African fauna was in Europe during the last 
geological age, associated with the other great pre- 
daceous animals. 

The remains of a very lai*ge beast of prey have 
been found in England and on the continent of 
Europe. It was characterised by the possession of 
enormous upper canines, or dog-teeth,” and they 
were flat instead of rounded, sharp at the tips, and 
marked by saw-like edges on the sides. These 
teeth projected downwards by the sides of the 
lower jaw, and must have been terrible instruments 
of destruction. Their length is nearly six inches, 
and they were carried by a powerful jaw. They 
are bent, and being flat they resemble a sabre in 
shape, and hence the name, sabre-toothed carnivore, 
which has been given to this animal. It has the 
number and (with the exception of the canines) the 
same aiTangement of the teeth as in the genus 
Felis, to which the lion and cat belong ; but it was 
not one of them, and it is placed in the genus 
Machflerodus. There wtis a species of it that roamed 
over Europe, but not in the northeni countries, in 
the age before the Glacial period, and at that time. 
During the early Pliocene age other kinds lived in 
India, in the Oriental province ; and in the South 
American province a Machaerodus was found 
with the remains of the extinct ground sloth. 
Tlie genus Machserodus had, then, species closely 
resembling one another, and it had a very wide 
geographical range. Living in Europe before the 
Glacial period, it had also a species which preyed 
on the deer and oxen of the age after that epoch 
of cold. This left its teeth in Kent’s Cavern, near 
Torquay. But large and strong as was Machaerodus 
it died out, and there are no traces of it to be found 
during the later ages when man used smooth stone 


implements, and had domestic animals. Oddly 
enough, the specimen discovei-ed in Kent’s Cavern 
was found to have been gnawed by hyaenas, and 
there is evidence to prove that early man lived in 
the dangerous neighbourhood of this great cat, 
which was neither lion nor tiger, but had their 
habits. 

At the present time the lion is a member of the 
fauna of the Palaearctic province, for it is found in 
North Africa north of the Sahara, and in Persia ; 
but it is not a characteristic form, on account of its 
being found in Africa south of the Sahara, in an- 
other province. Very probably the lion had a 
wider range in the Paleearctic province in the 
historic period, for it is said that Xerxes en- 
countered the animal in Thrace before the battle 
of Thermopylce. But there are no proofs of its 
occurring, since men have written histories, in any 
other part of the European division of the great 
province than the country south of the Balkans. 
It has not been noticed in Italy or Spain, for 
instance. 

About the year 1072, a Dr. John Hain wrol^ a 
book about the dragons of the Carpathian Mountains, 
and drew the figure of a finger-bone of an animal 
which he had found fossil. In 1749 Leibnitz 
figured the skull of a beast of prey, which laid been 
discovered in the cavern of Schartzfeldt, and 
considered it a part of an elephant; and in 1776 an 
upper jaw of a beast of prey, differing from the 
bears, was noticed by Esper, from the cave of 
Gailenreuth. 

Other German authors followed, and Goldfuss in 
1810 described similar remains, and he stated 
that they belonged to a cave lion, Felis spelcea. 
This great beast of prey left its remains in thci 
river gravels and caves of Hungary, Germany, 
Belgium, and France. Its bones have been found 
in extraordinary numbers in West Somerset and 
Wilts ; bones and teeth have been found wherever 
there are important caves and river deposits in the 
North Riding of Yorkshire. It has been found in 
the Eastern Counties ; in the valley of the Thames ; 
near Salisbury ; in the valley of the Avon ; on 
Durdham Down, and especially in the western half 
of the Mendip Hills. The cave lion has not been 
found in Scotland, in the northern counties, nor in 
Ireland. 

As the science of Comparative Anatomy pro- 
gressed and as the specimens of Felis spelcea have 
been compared with those of the modem lion or 
Felis Leo, the identity of the two forms has become 
established as a fact Hence, in the last geological 
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epoch, the lion, now restricted to the extreme south* 
east and part of the south of the Palsearctic 
province, roamed over England and Europe south 
of Denmark and Prussia. It was the destroyer of the 
multitude of herbivorous animals of the time, and 
the fellow-hunter of the panther and hysena, and it 
competed with Machserodus. The lion has therefore 
a great antiquity, and had once a vast range. Pro- 
bably it extended into North America during the 
last geological age, but it is not represented there 
by a living descendant. Before the Glacial period, 
the lion did not exist in Great Britain, and probably 
it came there on the retreat of the ice and 
cold, travelling noi*th wards and westwards after its 
prey. 

The lynx is one of the predaceous animals of the 
Pal«earctic province, and there are two varieties of 
it, which live in Northern and Central Euro^je, 
and a third in the South. It clings to the forest- 
side, and holds its sway in wild districts, destroying 
slieep. It is one of those animals which, like the 
reindeer, are more characteristic of a great circum- 
jx)lar continent than of the Palsearctic province ; 
for a variety, the Canadian lynx, exists in the 
North American province. Nevertheless the lynx 
is not an animal which can swim far, and is not 
one of the beasts of prey of this country. Fonuerly 
the animal had a gi*eater range. It left its remains 
in Euroi>ean caves, and in Derbyshire also. It 
formed one of the enormous assemblage of animals 
which existed after the close of the great age of 
ice, and it must have got into England by land 
with many of the other beasts of prey and herbi- 
vora. It does not appear to have lived on our- 
area previously to the Glacial period. 

The wolf still lives in continental Europe, but it 
was gradually hunted down in the United King- 
dom ; its habits are well known, and there are 
several geographical varieties of it. Its more 
astute fellow, the fox, has as wide a range, indeed 
wider, for it still lives in England, Scotland, and 
Ireland. Both of these predaceous animals roamed 
over the same ground during the last geological age, 
and their remains are common in jnany an English 
cave and river deposit They are animals of con- 
siderable geological antiquity, and their type has 
lasted during more than one great change in the 
physical geography of the world. 

Amongst the few remaining beasts of prey of 
any great size, of the Palsearctic province, are the 
beara The brown bear is the commonest, and is 
still found in Northern and Central Europe, Spain, 
and in the Eastern or Siberian division of the great 


province. Like the wolf, it has been hunted down 
in the United Kingdom, and, moreover, it had a 
similar antiquity, for it lived during the last geo- 
logical age in England and also over its present 
roaming-ground on the Continent. But there were 
other bears in Europe during the time when tlit) 
caves were formed by natural drainage and tlu* 
gi'avels of the valleys were being worn and de- 
posited, and one of them was very remarkable on 
account of its present distribution. 

The grizzly bear {Urms ferox) is a North Ameri- 
can animal, and has never been found living in the 
Palsearctic province. In the caves of England, and 
in some parts of the Continent, bones, skulls, and 
teeth have been discovered, which cannot be dis- 
tinguished from those of this great and very 
destructive creature, which is the terror of the 
wilds of the far West of the United States. 
Another bear, as large as the “grizzly,” lived with 
it, but it became extinct everywhere. The name 
of it is the cave bear, or Umus apelams* 

The glutton, marten, badger, and weasel are pre- 
daceous carnivora, well known in the Palajarctic 
province, and they lived in the last geological age, 
and have descended without any modification. 
AJl that can bo said about them is, that their 
roaming-grounds have diminished and they are 
more restricted to ceitain parts of the great pro- 
vince than before. The otter, which has been found 
in the fossil condition, of course was the prede- 
cessor of those which now live, and the same may 
be said of the water-rats and other small animals. 

The Romans obtained elephants of the large- 
eared kind from Northern Africa, and therefore 
within the great Palaearctic province ; and this 
African elephant, as it is now called, once lived in 
Spain, just before the historic period; now* it is 
extinct in North Africa and also in Spain. The 
sejmration of North Africa and Spain took pl^e 
during the lifetime of this species, which is now 
only found in tropical Africa south of the desert. 
Three kinds of elephants, all now extinct, were 
living in Western Europe and England before the 
Glacial period set in with prolonged severity ; and 
two of them, driven south by the cold, returned 
afterwards and lived with man. They were the 
Southern elephant, or ElepJias Trieridwnalia^ with 
coarse teeth ; the Ancient elephant {Ehphm anti- 
qmi8)y which is a descendant of an elephant now 
extinct, that livsd at the same time, and earlier 
in India, and which is called Elephas nomadims ; 
and the Mammoth, or EhpJtaa primigmius^ is the 
third. 



320 


SCIENCE FOR ALL. 


It is not difficult to imagine the feelings of 
wonder with wjiich some of the native hunters of 
Siberia saw a huge animal, with tusks and a woolly 
hide, exposed by the fall of a cliff at the mouth of 
the river Lena. Placed nearly in the erect 
position, this animal, entirely unknown to them, 
was all the more strange from its being enveloped 
by ica As the summer passed away the carcase 
became more and more exposed, and wolves and 
other animals consumed most of its flesh. But 
the skeleton and much of the skin and hair were 
preserved, and are in a museum at St. Petersburg. 


out of one distributional province into another, 
and seems to have cared little for physical limits, 
which at the present time interfere with the range 
of elephants ; or rather it lived so long as a species 
that it survived great changes in physical geography 
and climate. The mammoth, recognised by its teeth 
and bones, lived in the South of Europe, in the 
Roman district, in the North of Spain, and vast 
herds must have existed in Fmnce. Its remains 
abound in Germany and in North-east Russia, the 
Uml Mountains, and, as has been mentioned, in 
Siberia. It has not been discovered in Denmark 



Pig. l.->SxELETON OF Mamkoth (Elcphas jrtimigenius) , 


The creature was a large elephant, with long 
curved tusks ; and the skin, instead of being like 
that of the Indian and African elephants of the 
present time, was woolly, or rather was covered 
with close short hair. An examination of the teeth 
and bones satisfled anatomists that this skeleton 
belonged to an extinct species of elephant, the 
remains of which had been discovered previously in 
Europe and in this country. It was an elephant 
with more than usually long and curved tusks 
some nine feet and a half to eleven feet in length 
and two feet and a half in circumference at the 
thickest part, and with the teeth not differing much 
from thosa of the existing Indian elephant Such 
was the mammoth, or Elephas primigenius (Fig. 1), 
This creature had a most extraordinary geographical 
range, and as a species it lived during an enormous 
period of time, geologically speaking. It wandered 


or Scandinavia; but there were multitudes in 
England, and some roamed over Scotland and 
Ireland. There are great numbers of teetli of 
Elephas primigenius^ which have come from cliffs, 
which give out a powerful scent of decomposition 
during the hot weather, in Eschsclioltz Bay, in 
Behring Strait, and others have been found here 
and there in Norih America, as far south as the 
Isthmus of Panama^ As the animal could not 
possibly cross from England to Ireland, from 
England to the Continent, and from Asia to North 
America, over the straits, it follows that the 
separation of those lands has occurred since the 
first appearance of the mammoth. Whether the 
hairy coat was present in all the mammoths is 
a matter of speculation, but certainly the coat 
of the Siberian mammoth would have been very 
usefiU to it in a temperate climate when the frost 
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was not very sevei-e. The elephant of to-day 
requires water and succulent food^ and ex]^)erience 
teaches that it will live where there is frost at 
night The stomach of the frozen mammoth, 
examined by the botanist, contained leaves of 
grass and of pine-trees, but probably this was the 
food of a starving beast, which had wandered as 
the climate was growing more and more severe. 
From the i)Ositions in and under clays and ice- 
borne deposits, and in river gravels, in which the 
mammoth remains have been found, it appears 
that the species must have lived during a warm 
and genial time ; during a subsequent period, when 
the average temi)erature of the northern hemisphere 
diminished ; and, finally, that it witnessed a partial 
restoration of the former state of things, and died 
out during the excavation of the present river 
valleys. Tlie mammoth lived in Europe and 
America — in two natural history provinces, before 
the Glacial period ; it flourished in an inter-glacial 
time, and, driven south as the ice and snow covered 
much of its country, it again returned to its 
former grounds. But in these long ages the geo- 
gi’aphical changes were progi’essing which produced 
the present limits of the distributional provinces. 
The mammoth lived at the same time as early man, 
and it died out before the historic period. No 
wild elephant has lived in Europe during the 
historic period, but some are recorded to have 
been hunted in the region around Nineveh 
sixteen centuries before Christ. The Indian 
elephant does not pass beyond the Himalayas and 
the Indus, nor does the African elephant pass out 
of that continent. But the African elephant did 
live in Spain in the last geological epoch — ^that 
just preceding the prehistoric period, when men 
had domestic animals. What were the elephants, 
then, which were chased by Tothmes IIL in the 
valley of the Eu^dirates ] An elephant, somewhat 
resembling the mammoth, lived with man in the 
savage state in Asia Minor, and is called Elephaa 
a/rmeniacu8^ the Armenian elephant. It is extinct, 
and it was, in its structure, intermediate between 
the present Indian elephant and the mammoth. 
It is, therefore, very probable that the elephants of 
India are related to the ancient extinct elephants 
of the distributional province which includes Europe 
and Northern Asia. Several varieties of the mam- 
moth existed in North America, but they aj^pear to 
have passed away as man began to dominate there. 
The “ Ancient Elephant {Elephaa arUiquua) was 
a more slender animal than the mammoth, and did 
not reach so far north or west as this veiy 
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hardy ci'eatui*e did. Its remains are found in 
de^iosits which accumulated before and after the 
Glacial period, and it became extinct before the 
days of metals and domestic animals. The Southern 
elepliant, Elepluia meridimialia^ was the i*elic of an 
earlier assemblage of animals and did not survive 
the age of cold. 

Contrasting with the dimensions of these great 
elephants were others whose remains have been 
found in the island of Malta, which is within one 
of the great divisions of the Palaearctic province. 
The fossil EUplws melitenaia was a pigmy not more 
than four feet and a half in height, and another 
was even smaller than this. They lived when 
Malta was united to Sicily, and their companions 
were huge tortoises and birds of great size. 

There were elephantine creatures living in 
Europe before the Glacial period, called, from the 
l^eculiar shape of their grinders. Mastodons ; and 
one species roamed in North America, lasting there 
through the age of ice, and living probably contem- 
poraneously with man. Like the elephants, the 
mastodon flourished in India, but it is now extinct 
everywhere. 

Tlie next group of animals have no modem 
representatives in the Paleearctic province, for the 





Fig. 2.— SkuU of the Woolly BhinooeiroB (fi. tichorhinua), portly 
restored. 

rhinoceros family are quite foreign to it. But living 
in Europe, contemporaneously with early man, were 
several kinds of rhinoceros, and those which now 
exist in India,' Java, Sumatra, and Africa were not 
of the species which left their bones in the remote 
nordi, east, and west of the ancient Europeo- Asian 
province, termed Palfearctic. The first extinct 
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rhinoceros was found in Siberia under similar con- 
ditions to the mammoth, and^ singularly enough, it 
was a woolly creature. It ranged as widely as the 
mammoth did in Europe, but it did not live on 
the American continent. It is called Ithinoceros 
ticliorhinus, and its nose carried two horns, and 
its nostrils had a stout partition to strengthen the 
bones above (Fig. 2). Another two-horned rhino- 
ceros lived in France, Italy, and England before 
the Glacial period. It seems to have lasted out 
that great age, and to have left its bones in 
the flood-earth of the Thames. Other species were 
the rhinoceros with large front teeth ; the Etruscan 
rhinoceros and the Leptorhine si^ecies, which had a 
very delicate nostril-bone. These were all Euro- 
pean, and mostly British animals ; but now the 
genus is ivistricted to the warmer climates of the 
Old World, in other provinces. 

The hippopotamus is now restricted to the 
alluvial districts of tropical Africa. Formerly, 
both before and after the Glacial period, the 
hippopotamus, and probably the same species 
that now lives, roamed over France and England 
as far north as the Eibble. 

The moles constituting th(i genus Talpa ar (5 
characteristic of the Palsearctic province, and 
some species or other is found from Great Britain 
to Japan. 

The European beaver. Castor fiber ^ differs slightly 
from the American, and is confined to the tem- 
perate regions of the Palsearctic province. Once it 
was not uncommon, but the advance of agriculture 
and the arts of civilisation have driven it into 
very remote districts. There are no beavers in 
this country. Dormice have the same range as 
the moles, but a rat genus is found in Africa. 

In the group of ruminating animals, the 
chamois is a characteristic Palsearctic animal, and 
maintains its ground in the Pyrenees, Alps, and 
east to the Caucasus. The oxen and buffaloes 
of the genera Bos and Bison roamed in vast 
numbers over Central Europe and eastwards in 
the early historic period. The original species 
of ox is restricted to a few localities now, and the 
bison, of a different species to the American, is 
found wild in Poland and the Caucasus. 

The common mole lived in the last geological 
ages, and it has been found fossil below the 
deposits which are of Glacial age, in the inter- 
glacial deposits, and in eaves and river gitivels; 
but the old forms do not appear to have diflfered 
much from those which now dig and burrow in 
the ground. Beavers lived during the post- 


glacial age, and in that of the Pliocene, and some 
of them were large and of a different type to 
the existing.^ Trogontherium is the most common 
genus of the extinct beavers. 

Dormice have been found fossil in all the 
Tertiary deposits of Europe, except the Glacial, 
and there was a very large form living in Malta 
during the Pliocene age. There was a fine ox 
which lived during the latter geological period, 
Boa primiyeniii8y and it was doubtless the pro- 
genitor of the present cattle. In the Pliocene age, 
and probably in the Miocene time, a thick-set 
camelopard lived in the South of France, Greece, 
and Western India. It became extinct, and is 
interesting as one of the former links between the 
Oriental, Ethiopian, and Palsearctic faunas in the 
olden time. 

The red deer is a characteristic animal of the 
l)rovince now under consideration, but the reindeer 
roams over all the North American area in high 
latitudes. Both lived in days of caves and valley 
gi’avels, and the latter existed in vast herds in the 
West of Europe as far south as the Alps. They 
were hunted by man and hysenas in England. 

The Irish elk, Cervua megaceroa^ a huge animal, 
lived formerly in Ireland and England, but became 
extinct before the historic period. 

The wild horse is found in the Siberian division 
of the province, and the fossil remains of it 
are discovered throughout the whole province, and 
are very numerous. 

Another of the animals which roamed over 
parts of England and Europe, and which, although 
extinct in the Old World, still survives in the New, 
is the musk ox, or musk sheep (Fig. 3), for ana- 
tomists differ about its zoological position. The 
first trace of the animal in the Paleearctie pro- 
vince was found in Siberia, in a barren, treeless 
ground near the river ObL Two skulls were dis- 
covered by a celebrated Russian naturalist, Pallas J 
but Tanners, an English naturalist, first distin- 
guished them as those of musk oxen, in 1784, and 
stated that the animals, now restricted to the North 
American continent, formerly lived in Ndrthern 
Asia. Then the remains of the Oviboa moacliatua^ 
for that is the scientific name, were found in 
Europe, in Prussia, and years afterwards farther 
to the soutL Rather more than twenty yeai’s 
ago the teeth and skull of individuals of the 
species were found in the river gravels of the 
Oise, and subsequently others were discovered ih 
Perigord in Auvergne. Sir John Lubbock and 
Caqon Kingsley found a skull in the gravel oi 
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Ute Thames, at Maidenhead, in 1855 ; and a 
portion of one at Bromley, in Kent. Then Mr. 
Charles More, of Bath, found specimens in tdie 
valley of the Avon, and other observers discovered 
them in the gravels of the Severn and of the 
river near Salisbury, and at Orayford, in the 
lower part of the valley of the Thames. Evidently 
the Ornhoa had a considerable roanung>ground, and 
researches have proved that it is an ancient North 
American animal. Remains have been found in 
Eicbscholtz Bay, on the western coast of North 
Amei'ica, in river gravels; 
so that this long-haired, big- 
headed, curly-homed, shortr 
tailed, ox-looking sheep, with 
unsymmetrical hoofs, smell- 
ing of musk, is as remarkable 
as the reindeer in its former 
distribution. The associates 
of the old musk oxen in 
Europe were those of the 
reindeer ; and in the Au- 
vergne the animal certainly 
was hunted by the aborigines. 

At the present time these 
animals, which are about the 
size of small Welsh cattle, 
are restricted to parts of 
North America, north of 
60° N. lat. on the east, north 
of the 66th parallel more to 
tlxe west, and farther north 
in the extreme west of the 
continent. It ranges from the 
river Mackenzie, or perhaps 
much farther westward, across the vast continent 
to Melville Island, and across Smith’s Sound to East 
Greenland, north of Franz Josef Fjord. They are 
also found in North and West Greenland, but never 
south of the glaciers of Melville Bay. In Danish 
Greenland “ umingiuak ” is only a tradition. They 
are gregarious in habit, forming often large herds ; 
and they like difBcult stony ground, climbing rocks 
as easily as a goat. Feeding on ^^s when it is 
to be got, they will live on moss and the leaves 
of the tops of the small willows at other times. 
They migrate and are essentially Arctic animala 
It will have been observed that none of the mar- 
supials or the edentata, the characteristic animals of 


the Australian and South American provinces, lived 
in the Palsearctic province during the last geo- 
logical age. Did this description relate to earlier 
days this remarkable story could not be told ; but, 
dealing with the days before, during, and after 
the Glacial period, it may be said that the ancient 
animals of tlie Palssarctic province (as now 
limited) consisted of European, Asiatic, African, 
and North American types. The whole assemblage 
is a curious jumble of forms, many of which 
became extinct, and were not ancestral to any kinds 


now living on the area ; there were others which are 
represented by the same s])ecies in the regions of 
the Noi’th of Europe, Asia, and America ; others 
which live in the tropical districts of Africa ; and 
some which have lasted on to the pi’esent day, and 
are still characteristic animals of the provinca 
The simplicity of the succession of the same types, 
witnessed in the Australian and South American 
provinces, is not recognised in the Palseai'ctic pro- 
vince, and the reason why relates to the great 
geographical changes which occurred during a 
period of increasing cold, to the Glacial age, to 
times of decreasing cold, and to the age of the 
wearing down of the valleys. 



lusk “ Oxen’* or Sheep {Ovihos moBchatus), 
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IS THEBE COAL UNDEE LONDON? 

By Fbzderic Dhiw, F.G.S,, 

Asituiant Master at Eton College, 


£ N two previous papers in the present volume (pp. 

234, 298) I ]^ve endeavoured to supply the 
reader with the elementary information, and to lead 
him through the preliminary reasoning, necessary for 
the attack on this question. I have shown what 
there is beneath London for a thousand feet down, 
namely, Tertiary and Secondary Bocks in regular 
series so far, and I have shown that a coal-field may 
be concealed beneath Secondary Bocks resting 
unconformably on the edges of the coal-bearing 
strata. We have now to look at the results of 
the veiy deepest explorations that have been 
made beneath London, and it will soon be seen 
that although these have descended but one or 
two hundred feet below our thousand, yet they 
have yielded most important information. 

It must be premised that all the explorations 
beneath London hitherto made have been for the 
sake of water. The arrangement of strata beneath 
and around the capital is such that a supply of water 
trickling down and collecting from a large area 
has always been expected, and has often resulted, 
from a fairly deep well-sinking or boring. The 
anungement is generally described* as a basin. 
As was explained in the paper, “What is under 
London 1 ” the beds dip up southwards and north- 
wards, and ultimately westwards also. The chalk, 
with its great thickness, when it has thus come 
to the surface, occupies a wide area, and it makes 
hills rising to 500 and 600 feet above the level 
of the valley in which London stands. Besting, 
as it does, on a continuous impervious bed of 
clay, the Gault, it retains the rain-water that 
falls on it, for this, in filtering down through 
the mass of the chalk, can descend straight only 
so far as to the top of the Gault, and will then 
tend to flow along in the direction of the dip, 
and collect in the interstices of the chalk in the 
hollow of the basin of strata. As the water thus 
accumulates it will rise to a higher and higher level 
until some outlet is reached ; in this case there is 
the line of the outcrop of the top of the Gault, 
which occurs along the foot of the chalk hills on 
the south and on the north. Along that line, or 
a little above the level of it (from the bottom beds 
of the chalk itself also being more or less imper- 
vious), occur a number of springs, which are the 


overflowing of this underground watei. An 
Artesian well consists in the tapping of the 
underground reservoir towards the centml part of 
the basin. According as fissures occur in the rock 
a communication with such a reservoir will be made 
earlier or later ; but when it is made, water will 
rise in the well or the bore-hole to a level corre- 
sjx)nding to the height of the water around the 
edge of the basin. In this way large sup[}lies of 
water have been obtained. To give one instance ; 
near Chalk Farm the Tertiary beds were jiene- 
trated, and then 160 feet of chalk were passed 
through; total depth, 400 feet; and then the 
water rose to a level only 160 feet from the 
surface. But, with a rapidly-increasing popula- 
tion, it is not easy to make the supply of pure 
water keep pace with the demand ; and for 
another reason engineers have wished to draw 
on different sources for water. That which 
comes from the chalk is luird, that is to say, it is 
wasteful for washing, destroying a certain amount 
of soap before a lather is obtained ; and the same 
quality makes it incrust boilei’s where it may be 
used ; the reason in both cases being that it contains 
much lime, in the form chiefly of bicarbonate, 
dissolved out of the chalk. Hence, for many years, 
designs have been entertained of obtaining water 
from a lower and a purer source. 

And, indeed, the structure of the country beyond 
that which we have thus far surveyed has held 
out hoi)es of success ; for beyond the outcrop of the 
Gault, in Surrey and Kent on the one hand, and in 
Buckinghamshire on the other, there comes a tract 
of sand, which is the outcrop of the Lower Green- 
sand, a good thick stratum of permeable material, 
and this is succeeded on the surface, and underlain, 
by impervious clay beds. If, then, these continued 
beneath the whole of the basin area, they would 
give a second and even a better chance for an Ai^ 
tesian water-supply. This Lower Greensand on its 
southern outcrop is well known to the writer, and it 
would repay any one who should take the trouble to 
make its acquaintance, for it constitutes some of the 
prettiest ground in the South of England. The 
nearest point to London where the sand comes to 
the surface is just short of Bedhill, and it can 
always be seen in the railway cutting beyond Red 
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hill StatioiL The formation makes a line of hill 
roughly parallel to, and a few miles south of, the 
chalk escarpment, running eastwards into Kent, 
which county it enters near Westerham, and west- 
wards right across the southern part of Surrey. 
The thickness of the formation is 400 feet. The 
upper part of this is of loose yellow sand, with 
irony matter sometimes cementing or colouring the 
sand in irregular wavy lines ; in the middle portion 
there is generally some more or less clayey matter, 
while the bottom part is more stony. The stone 
occurring at this stratum-level is either a sand- 
stone, as at Godstone and at Leith Hill ; a 
calcareous sandstone, as at Godaiming (where it is 
called “ Bargate Stone”) ; or, to the eastward, in 
Mid-Kent, a limestone — Kentish Rag — with sand 
layers between. It is the great spread of country 
occupied by the Lower Greensand, and the con- 
siderable height above the sea-level to which it 
reaches, and its extremely porous character, as 
well as its position underground between two 
impervious layers, that constituted a strong pro- 
bability of its holding a goodly store of ' water 
beneath the London basin, which store should be 
opened whenever the Gault was penetrated. 

The first time this was done, di8api)ointment was 
the result. At Kentish Town, about fivo-and- 
twenty years ago, a boring was made to a depth of 
1,300 feet; after the chalk and 60 feet of Gault 
were penetrated, instead of the loose yellow sands 
of the Lower Greensand formation, the borer en- 
tered some red sandy rock, the age of which is 
even now not known for cei’tain, and about which 
opinion at the time wavered between Old Red Sand- 
stone, New Red Sandstone, and Wealden. The first 
of these opinions now seems the most likely. In 
any case, it was clear that the Lower Greensand did 
not exist where it had been expected, and as the 
whole argument in favour of water being found in 
large qiiantities rested on the supposed continuity 
of that formation, geologists could no longer recom- 
mend the adoption of the Artesian principle to the 
extent of sinking below the chalk. 

There is no doubt that at that time most geolo- 
gists were surprised at the result of the Kentish 
Town boring, for although sand is the kind of 
sedimentary rock most likely to vary in thickness, 
being a shallow-water, and often a near-shore, 
deposit, still it was unlikely that such a consider- 
able thickness as we have seen to occur in Surrey, of 
which the character of at all events the upper portion 
was so unchanging, should in the 20 miles between 
Eedhill and London have altogether tbiniaed out, 


But there was one geologist who, reasoning on 
data drawn from far and wide, had, a short time 
before this boring was made, predicted that the 
various Secondary rocks would thin away as they 
approached London, and had propounded the theory 
that the older PalcBozoic rocks, including the Coal 
Measures, occur at an available depth beneath the 
home counties (Essex, Herts, Middlesex, Kent, 
Surrey, Sussex). This was Mr. Godwin-Austen, 
who in 1850, before the Kentish Town boring 
had been made, put his views before the Geo- 
logical Society, in a paper entitled — “ On the 
I)Ossible extension of the Coal Measures beneath 
the south-eastern part of England.” 

Our insularity of ^x^sition and of habits has 
undoubtedly aftected the geological views of some 
of us ; and in this case we might have more quickly 
got on the right scent had not our geological maps 
and treatises so generally ended their descriptions 
at our shores. On the English coast, at the south- 
eastern corner of the island, between Rye and 
Deal, there is seen more or less clearly a great 
thickness of Secondary rocks conformable one to 
another, consisting of Wealden beds. Lower Green- 
sand, Gault, Upper Greensand, and Chalk, of a total 
thickness of over 2,000 feet ; and besides this, a 
late boring begun on the outcrop of the base of the 
Wealden went through 2,000 feet more of Secondary 
rocks, with no signs of approacli to the PaljBozoic 
strata. Yet within sight almost of Folkestone, ten 
miles only inland from Boulogne, are to be seen on 
the surface indisputable thick bedded limestones of 
Carboniferous age, resembling closely that described 
(Vol. I,, p. 12) as occurring in Derbyshire, and con- 
stituting the lowest member of the Carboniferous 
series. Besides this there occur Devonian rocks next 
below that limestone, and Coal Measures above it ; 
in fact, not more than fifteen miles from Boulogne 
are coal-pits, where coal is got at small depths. 

The relation existing between the lower rocks 
and the Secondary it is not difficult there to make 
out. At different spots different formations, of the 
J urassic and Cretaceous series, rest unconfonnably 
u]X)n the Carboniferous and Devonian beds. Mar- 
quise, eight miles from Boulogne, is a town whence 
these places can easily be visited. The Carboni- 
ferous limestone is seen in certain valleys which 
have been cut down below the general level of the 
country, and has at several spots been worked out 
for the sake of the stone, some of the layers of 
which afford a marble a good deal sought after. 
The column reared on tlie plateau behind Boulogne 
to Napoleon I. by the Grand Army, while awaiting 
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orders to embark for the mvasion of England, is 
made of marble fh>m these beds : the same material 
is now exported to England for marble-topped wash- 
stands and tablea From the evidence horded by 
the quarries it is evident that the highly disturbed 
Palaeozoic strata were in Jurassic and Cretaceous 
times planed off, and that they came to be covered 
with the material accumulated during those perioda 
The fact of their being covei*ed in places by a 
Jurassic bed and in places by a Cretaceous bed, 
implies that in Jurassic times the area was only 
partly covered by the sea, but that as time went on 
to the next period it became completely covered. 
In other words, the lower Secondary strata thinned 
out and were overlapj)ed by the higher, through 
the gradual encroachment of the sea upon the land, 
aided by depression of the land. By the time of 
the Gault the whole had been covered by the sea, 
for the Gault is continuous around the area we are 
now describing. Boulogne is the centre of a curve 
of chalk hills, distant from it ten to fifteen miles, 
which is an escarpment exactly corresponding in 
form and structure to the escarpments of the North 
and South Downs, thei*e being always at the base 
of the steep chalk slope the outcrop of the blue clay, 
which the French geologists also call Gault, occupy- 
ing a width of a mile, more or less, corresponding 
to the usual thickness of 100 feet This area 
within the chalk esoaq)ment is called the Bas 
Boulonnais ; it contains, as will have been seen, 
the outcrop of a much greater variety of formations 
than the corresponding one on the English side 
of the Channel. 

It was from these facts, and from others observed 
farther east, that Mr. Godwin-Austen drew the 
inferences before alluded to, and endeavoui'ed to 
ascertain the extent and the comiX)sition of the 
Palaeozoic floor ” of Secondary times, which same 
question still occupies geologists, who are gradually 
making progi^ess in their knowledge of it. The 
first point for determination is whether the Coal 
Measures proper (i.e., the sandstones and the 
shale, with coal) extended over the area of the 
home counties, or whether some other form of 
deposit may not have taken their place, or even 
such land have existed as did not allow of the 
growth of coal forests; that is to say, the con- 
ditions necessary for the finding of coal beneath 
London are that the Coal Measures in their 
formation once extended there, and that in the 
later upheavals and denudations, some portions of 
them, sufficient^ to make a coal-field, have been 
preserved. 


For the ascertainment of this first condition, 
we will look at various coal-fields in England 
and at the thickness of their strata. Beginning 
with the one we examined in detail — the Chester- 
field coal-field — we there saw 3,000 feet of Coal 
Measui'es, the middle part of which contains work- 
able beds of coal. On the western side of the 
Derbyshire hills (the southern end of the Pennine 
chain), are the Lancashire coal-field and the North 
Staflbrdshire coal-field, with a still greater thick- 
ness; of these, some of the beds correspond with 
the beds on the other side of the range, both grit 
and coal being recognised bed for bed. There can 
be no doubt at all that the Coal Measures continued 
across ; that is, that there was, in the Upper Car- 
boniferous period, one level floor of sedimentary 
deposits covered at various times by coal-producing 
forests, extending across England from, at all 
events, Flint to Lincoln. Not far south of this 
comes a group of coal-fields, in Shropshire, South 
Staffordshire, Warwick, and Leicestershire, which. 
Sir Andrew Ilamsay tells us, were all originally 
formed as one coal-field, and even now in great 
part may be continuous in the districts that lie 
l)etween, concealed by Permian and New Red Sand- 
stone strata. But it is worthy of note that in some 
of these we have signs of the bounds of the Carboni- 
fe]*ous sea, since the Coal Measures are in places 
found I'esting on Upper Silurian beds without the 
intervention of the Carboniferous limestone. A 
new fact that throws light on the further extension 
of Carboniferous rocks is the finding beneath the 
oolites, &c., at Northampton, of limestone with 
Carboniferous fossils ; this at a depth of 900 feet. 
Taking this as in or near a line of upheaval 
stretching from Derby, by Chaniwood Forest in 
Leicestershire, we might then exi:)ect the Coal 
Measures of the Warwickshire coal-field to continue 
beneath Rugby and Daventry, and possibly on in 
the direction of Buckingham, 

The argument for the continuation of the coal 
is that such a great thickness of strata as the 
Coal Measures — reckoned as it is in thousands 
of feet — cannot end off suddenly ; it must either 
thin out (first probably changing its character) 
seawards, or must have its strata over-lapped, 
lower ones by higher ones, on the shore side, 
and then we ehould find traces of yet older land. 
This we do in some parts, as above mentioned, but 
there must have been a wide stretch between 
Ohamwood Forest and the Herefordshire hills, 
which, in Coal Measure times, was receiving strata 
that, allowed of the formation of coal, and it is the 
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southern extension of this coal-bearing area that 
has to be ascertained 

The southern group of coal-fields is of equal 
importance to our argument. From Pembroke- 
shire to Pontypool, in Monmouth, is one con- 
nected stretch of Coal Measures, which attain the 
thickness of 10,000 or 12,000 feet, with about 
one hundred beds of coal. This is the South 
Wales coal-field Next is the small oval coal- 
basin of the Forest of Dean, which Sir A. Ramsay 
describes as an outlier of the South Wales field; 
here the coal-beds are twenty-three in number, 
among strata something under 3,000 feet thick, 
the higher beds having been worn away. South of 
this is the Bristol coal-field, a basin much hidden 
by unconforniable Secondary rocks ; here, according 
to the same authority, are forty-six beds of coal, in 
7,000 feet thickness of Coal Measures. No one can 
doubt that these three coal-fields were once united, 
and that the 7,000 feet of the last-named once 
extended far eastwards. Tlius, from two starting- 
points, the Warwickshire and the Bristol coal- 
fields, about 100 miles on the north-west and on 
the west of London, we have reason to expect a 
considerable extension of the coal-btjaring beds 
towards the metropolis ; and a fact has lately 
come to light which has given us some positive 
evidence of this. At Burford, in Oxfordshire, not 
far from Witney, a place situated on the oolitic 
beds, and 30 or 33 miles nearer to London than 
the two coal-fields last named, a boring has reached 
Coal Measures at a depth of 1,184 feet. 

' It has been shown that the coal-fields of the 
Continent extend to within a short distance from 
the English coasts ; there is, therefore, a double 
foundation for the belief that the neighbourhood of 
London was, in the coal-making time, part of the 
gi’eat coal-making area. 

Tlie next point to consider is — What determined 
the preservation of some portions and the destruc- 
tion of others of this widely-extended mass of coal- 
bearing strata ? The solution is to be found in 
the character of the disturbances to which they 
since have been exposed, at different times but 
especially during the space of time between the 
close of the Carboniferous period and the beginning 
of the Triassic or New Red Sandstone period. 
TAen were the Carboniferous rocks bent into 
folds, or, in the words of Sir A. Ramsay, into 
a series of* undulating anticlinal and synclinal 
curves.'** That part was most exposed to denuding 

* An aiifiolinal is an upward bend of strata (saddle-shaped); 
a qmdinal is a downward bend (trough -shaped). 


agencies which rose highest ; the tendency was 
towards a levelling down ; in fact, the* anticlinal 
curves were actually shaved oif before the 
Secondary period was far on. The result is that 
the upper beds (the Coal Measures) remain only in 
the synclinals or basins, while the Lower Carboni- 
ferous beds crop out where there was an anticlinal. 
If, then, we can determine in any way the run 
of the anticlinals affecting the strata that uncon- 
formably iinderlie our Secondary rocks, we may 
get to know where to expect the lower and where 
the higher of the Palaeozoic beds. 

Mr. Godwin-Austen attempted to do this for 
the south-east of England by connecting the line of 
strikef of the Carboniferous beds of the Boulounais 
with that of the Valenciennes and the Belgian coal- 
fields on the east, and of the beds making the 
Mendip Hills (the southern boundary of the Bristol 
coal-field) on the west. From the plotting down of 
these directions on the ma]) it is seen that they fit 
into one general curve which would run along somn 
miles on the south of London and b(i the southern 
boundary of the “London Coal-field.” I would 
here rei)eat that thus far Mr. Godwin-Austen 
had arrived in the year 1856, and the soundness of 
his method has since been generally recognised. 
The problem is, however, complicated by the fact 
that beds lower still than the Carboniferous lime- 
stone have been affected by the upheavals and 
exj)Osed in the denudation, so that along any 
particular line (not coinciding with the “ strike ”) 
any member of the Palseozoic beds may have been 
brought up, and in Secondary times exposed. 

We can now with advantage turn to what has 
actually been found in this interval of twenty-five 
years to shake or verify Mr. Godwin-Austen's con- 
clusions. Within this period certain most interesting 
borings have been made in the neighbourhood of 
London. With one exception they were under- 
taken on the old theory of the continuous extension 
of the Lower Greensand beneath the London basin, 
and with the expectation of that formation yielding 
a supply of good water ; happily for geologists the 
warnings of the Kentish Town sinking were un- 
heeded by the hydraulic engineers, and borehole 
after borehole has been made in the same — but as 
it has turned out vain — hope. After the Kentish 
Town boring, one was made at Crossness, below 
Woolwich, which gave somewhat similar and 
equally indefinite results ; it reached, at 900 feet, 

t Strike^ the direction at right angles to the dip of strata ; 
it is the direotion along which they would drekh if th^ 
cropped out on a level surface. 
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some red sandy stuff, that might by appearance 
belong either to the Old Red or the New Red Sand- 
stone. In the year 1877 more positive information 
was obtained. In the comer between New Oxford 
Street and Tottenham Court Road stands Meux’s 
Brewery, and for the use of that establishment a 
boring for water was made. At a depth of 1,000 
feet the bottom of the Gault was reached, and the 
Lower Gi*eensand entered on, but this last was 
different in lithogical character from the same 
formation at its outomp, and, indeed, it could only 
be recognised by its fossils ; not far beneath, at 
1,060 feet, dark-coloured shale was met with, whose 
diji was clearly shown by the cores brought up in 
the boring tool to be about 40° in amount, and in 
this shale fossils were found which Mr. Etheridge 
at once recognised as belonging to the iipi>er part 
of tlifi Devonian formation — that formation which 
next underlies the Carboniferous. The direction 
of the dip of these beds could not then be deter- 
mined, but it has since been inferred from facts 
obstirved elsewhere that it is towards the south. 
This was the first actual determination of the age 
of any of the old rocks beneath the Tertiary and 
Chalk area of England. 

The next exploration was made at Tumford, 
near Cheshunt, twelve miles north of London ; here 
again, after 940 feet of Tertiary and Secondary 
rocks, Upi>er Devonian was touched with the same 
fossils as at Meux’s Brewery. At Ware, twenty 
miles due north of London, the New River Com- 
pany made a boi’ehole in which, at a depth of only 
800 feet, tlie Palaeozoic rocks were met with, but 
this time it was another of their divisions, namely, 
the Upper Silurian^ that which underlies the De- 
vonian. Details of these borings, especially of the 


PalsBontology, were given by Mr. Etheridge in his 
Presidential address (1881 ) to the Geological Society. 
He states that the Upper Silurian fossils found at 
Ware include thirty-three species identical with 
those found in the Silurian rocks in Shi’opshii'e and 
Staffordshire, and prove a continuation of the rocks 
of that age from those counties to Herts. Now 
these Silurian beds were found to dip to the south- 
east at an angle of 40°. This accounts for the 
foimation next above them being met with at 
Tumford, and it goes towards showing that the 
dip of the PalsBOzoic beds is at all events more from 
noi*th to south than from south to north. 

Thus evidence is accumulating that the floor of 
Palaeozoic rocks beneath the Secondary rocks is at 
a depth of about 1,000 feet below the sea-level. 
With i*egard to the composition of the floor, the 
evidence at pi'esent points to the existence of Car 
boniferous rocks somewhere south of Oxford Street ; 
the Lower Carboniferous might crop up against the 
Secondary rocks beneath the Thames in London, 
and a coal-field lie between South London and 
the line of the Noi-th Downs or Surrey Hills. I 
think that this conclusion or hypothesis embodies 
the latest information, but since Palaeozoic rocks 
are often much disturbed, there may be variations 
of both dip and strike that would make these ex- 
pectations wrong. Actual experience of what lies 
beneath that area will be waited for by geologists 
with the deepest interest. 

Finally, if the inference be right of the extension 
of the Warwickshire Coal Measures towards Da- 
ventry and Buckingham, this would be a separate 
area from the “ London Coal-field, which, if it ever 
becomes an actuality, must result in immensely 
increasing the population of the metropolia 


AN ICEBERG. 

By Dr. Robert Brown, F.R.G.S., etc. 


T he voyager who for the first time sails for the 
far North is full of expectations regaixling 
the sights to be seen in the realms of ice and 
snow.” He is bound, let us suppose, for Baffin’s 
Bay, one of the main entrances to the Polar Basin. 
Bears and walrus, seals, and their elder brethren 
the Eskimo, all occupy some portion of his imagina- 
tion ; but, incontestably, the first place is reserved 
for the icebergs, which are so peculiarly the crea- 
tions of the cold lands to which he is sailing. He 


has, it may be, rather confused notions regarding 
their nature, and is apt, like the newspaper 
chroniclers of whaling disasters, to consider them 
identical with the floating ‘‘ fields ” and “ floes ” 
which send so many stout ships to the bottom, 
though in reality the sea-ice, and not the land-ioe, 
is to be discredited with the greater number of 
these mishaps. The visitor to the North must 
approach it with a mind remarkably open for fresh 
impressions, if he has not already formed some idea 
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of these wonderful mountains of ice. They form 
the staple background of every Arctic view. Their 
gigantic peaks and jagged precipices are familiar 
from a score of more or less imaginative engravings, 
until an iceberg — of the books — which was not at 
least a thousand feet in height, and failed to 
possess the accompaniment of a sliip sailing in 
perilously close quarters to it, and a polar bear 
perched uncomfortably on the loftiest pinnacle, 
would be considered a work of art affording but a 
dull reflection of the original. To imaginations 
thus wrought up to superlative pitch, the first view 
of the first iceberg is singularly depressing. The 


much for it. The sun will be at work on it ; it 
will get undermined by the wash of the breakers, 
until being top-heavy, it will speedily capsize. 
Then the war between the ice and the elements 
will begin afresh, until the once stately ice-mountain 
will become the “ bergy bit ” of the whaler, and 
finally disappear in the waters, only to arise again 
in the form of vapour, which the cold of the North 
will convert into snow, the parent of that inlands 
ice” which, as we shall see, is the penultimate 
ancestor of the iceberg. As the true regions of cold 
are approached, the icebergs become more numerous 
and of larger dimensions, until as we pass tlie 



J?. 1.— In the Waioat, NoktA Greenland : Bhoken-up Beroh. 


ship is pitching about — say — in the cross-seas near 
the mouth of Davis Strait, preparatory to entering 
the smooth water of ‘‘the Arctic,” when in the 
distance the eye catches sight of a lump of ice, 
looking, as it rises and falls into the trough of the 
sea, not unlike a hen-coop covered with snow, or a 
gigantic lump of foam tossed on the crest of a 
wave. If the day is sunless, the reflection of light 
which gives it that glistening appearance, so re- 
markable as the midnight sun glances among 
an array of these objects, is wanting to add 
dignity to the countour of what it is a rude 
dissipation of lifers young dream to learn is an 
iceberg — though on a very small scale. It is 
simply a wave-worn straggler from the fleet which 
will soon be met sailing southward out of the 
Greenland fjords. The warm waters of the 
Atlantic will in the course of a few days be too 

234 


entrance of some of those great Qords, or inlets, 
which intersect tlie GnMuiland coast-line, they pom- 
out in such numbers tliat the wary mariner is 
thankful for the continuous daylight and summer 
seas that enable him so easily to avoid these 
floating rocks. Here are several broken-up ones 
floating about in the Waigat, a nan*ow strait 
between the island of Disco and the mainland of 
Greenland, and in close vicinity to sevei-al fjords 
noted for the discharge of these “ ice-mountains,” 
as they have been very appropriately termed 
(Fig. 1). One aground inshore, and larger than the 
pieces figured, presents a dull white mass of un- 
transparont ice, jagged on its summit, but on the 
whole not so closely resembling a Gothic cathedral 
as the pictures would have led us to suppose. 
Still, its shape is striking, while its size and general 
character lose nothing by being closely examined. 
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and the details ciphered out. Icebergs may some- 
times be seen 150, 200, and even 400 feet in height; 
but the one before us is of more modest dimensions, 
and does not rise above the surface more than 100 
feet. The colour of this ‘‘ice mast-high,” unlike 
that described by the ancient mariner, is not as 
“ green as emerald,” but dull wliite. The sides are 
dripping with the little streams of water formed by 
the melting of the ice, and glistening in the rays of 
the sun ; but a dull white is the prevailing colour 
of the mjiss. Its base is broader than its summit, 
and is here and there hollowed into little caverns 
by the action of the waves. The pinnacles seen in 
the pictures are not markedly present. Indeed, 
both the one we arc examining and the numerous 
others in close vicinity are flattened on the summit, 
and if here and there worn into fantastic shai>es by 
the weather, the tendency always is for it to 
resume a shape which may be roughly described as 
broader at the base than the apex : otherwise 
the berg would speedily capsize. Indeed, if we 
wait long enough, such a sight will be witnessed. 
On some of the bergs we see masses of earth, 
gravel, and stone, proving that they must have 
had recent connection with the land ; for owing 
to the old bergs becoming undermined by the 
waves, they soon turn over, of course depositing, 
during that operation, their load on the bottom. 
An examination of the sides of the ice-mass also 
reveals to the eye some further peculiaritiea The 
greater proportion of the ice is of a white colour, 
thoroughly permeated by yory thin longitudinal, or 
lineal, air-bubbles, which lie ])arallel to each other; 
but throughout the white ice there are luniicrous 
slight fissure-like streaks, of an intensely blue and 
transparent ice, which, on b(*iug exposed to lieat, 
before melting. Dr. IJiiik informs us, dissolve into 
large, angular grair-s. These blue fissures cross and 
int(;rcross in the mass of the bcu*g, and may possibly 
be water which has melted and become frozen 
again either on the suifiice of the berg or in its 
creorisses, or fissures, when it was a part of the 
glacier Ironi which we shall presently see it is 
derived. But besides the blue ice, in some icebe rgs 
may be seen a kind of conglomerate, or, ratlier, 
what geologists would call a breccia, of ice-blocks 
of various sizes, the interstices between them being 
filled up with snow or crumbled ice. This con- 
glomerate exists usually in fissures, though it is 
found also in layers, and even forms considerable 
masses of tlie larg(*r bergs, combined with stones 
and earthy foreign substances. “Entire bergs,” 
the late Governor of Greenland writes, “ are also 


occasionally found composed of these kinds of ice y 
and from some ice-fjords, or inlets, which discharge 
bergs, scarcely anything issues but ice tinged more 
or less with blue, and intermixed with eaiiihy 
matters.” * 

We find that the iceberg is not of salt-water 
origin, since the melted material of it is quite fresh. 
Lideed, by carrying a hose from the sliip’s tanks 
into the pools on the summit of the berg the sea- 
men sui>ply the vessel with drinking-water. This 
fact ought, however, not to be considered in itself 
a perfectly indisputable proof of the terrestrial 
origin of the iceberg, for the field, or floe-ice, float- 
ing past the sliip, and which undoubtedly consists 
of the frozen surface of the sea, is likewise nearly 
fresh, and on the surface actually so, the tendency 
of freezing being to preeqatate the saline particles, 
while th(i upper layers of the Arctic ice-fields are 
to a great extent simply the slush and frozen snow 
that have accumulated on the “bay -ice,” or the first 
thin sheet which forms at the approach of winter. 
Nor would it necessarily follow that because rocks 
and earth are now and then found on the bergs 
they arc of the earth’s kindred. The chances are 
that on the surface of that floe past which we are 
sailing, and some pieces of which arc almost un- 
distinguishable from broken-up bergs, will be found 
gravel, earth, and other land debris which have 
fallen from th(j cliffs during the spring while yet 
the sea- ice was attached to the shore, or in the 
spring when the remnant of the winters field 
remained attacluxl to the shore in the shapcj of that 
narrow border known as an “ice-foot.” Moreover, 
sea-ice sometimes freezes to the bottom, and wluui 
it becomes detached in the summer will carry 
up with it stones, ifec., which have been embedded 
in its mass. No doubt, in the case of fiedd-ice, 
these foreign materials are usually on the under 
surface ; but a berg which gets aground will occa- 
sionally carry off with it a similar burden, and 
wlien in due course it capsizevs, by becoming top- 
heavy, the debris which was originally in its base 
is borne along on its summit, the jiosition of the 
burden of such an ice-raft giving not the sliglitost 
hint as to the source whence it was derived, or the 
manner in which it came to be placed in such a 
spot. However, the size of an ordinary iceberg 
suggests that it could neither have been the child 
of the sea nor of a river, provided there were 
rivers of any great size flowing into Davis Strait 
or Boffin’s Bay. The one we are examining i)ro- 

* Rink ; “ Danish Greenland ; its People and Products/' 
edited, with an Appendix, by Robert Brown, p. 368. 
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jects about 100 feet above the surface ; but if we 
take a piece of the ice and allow it to float in a 
vessel of sea-water we shall find that for every foot 
which is above the surface there are about seven 
below it ; that is, provided the ice is of the usual 
white character. 

The next question is — Where do these bergs come 
from 1 The Atlantic voyager who comes into un- 
comfortable proximity to those which drift south- 
ward to the banks of Newfoundland, or even farther, 
has no oi)j)oi*tuniiy of satisfactorily answering this 
q\iestion. Even the Arctic navigator, if he con- 
tents himself with simply skimming along the 
coast, will not arrive at a much more conclusive 
solution of the problem, as is proved by the absurd 


known to the old writers on Greenland, was not 
until comparatively recently understood, and even 
yet its nature is sometimes not quite grasi»ed by 
the geologists who write so omnisciently on the Ice 
age in Europe. To a])proach the “inlands ice,” as 
the Danes in Greenland style it, the easiest way 
would be to sail up one of these deep fjords, whose 
lofty walls and wild scenery form so attractive a 
feature of the barren i*egion we have entered. 
It is probable that if we selected one out of 
which icebergs were sailing, wc^ should discover 
it ending as in Fig. 2. The “ inlands ice ” pours 
from the interior in a short stream through a cleft 
between two islands; but if the water in the vicuiity 
is shallow, and the slope by which the ice descei\ds 



2.— The Top of Omenak Fjoud, at Inherit Ice-stream, North Greenland, showino the ‘ Inlands IcE.”i 


theories of their origin mooted by those who wrote 
about them no later than a century ago. Tlie coast 
of Greenland is cut into from south to north by a 
number of more or less parallel inlets, which give that 
country roughly the ai)p(^arancc of two combs placed 
back to back, but with the teeth wide apart. These 
fjords letid to what is really the continental pai*t of 
Gi’cenland, just as the body of the hand might be 
described as its continontnl jiortion, and the spaces 
between the fingers the fjords. But when we begin 
to examine Greenland we find that the rocky 
peninsulffi between the fjords and the numerous 
mountainous islands lying off the,, coast are in fact 
the only real land in the country ; in otlier words, 
that Greenland is a huge mass of glacier ice— or, at 
least, land covered with a great glacier — surrounded 
by the circlbt of land wliich we see in sailing along 
the coast. Few Europeans* have caught a glimpse 
of this dismal waste, which, though perfectly well 

* The writer is one of the only two Englishmen who have 
ever set foot on it. The other was his companion, Mr. Edward 
Whynvper, so well known as an Alpine climber. 


to the sea very gradual, it will not discharge itself 
in the shape of large masses. Coinparati\ ely small 
bergs are tlu^ most it gives birth to, and by means 
of these it relieves itself of the ice continually 
pouring from the interior, the white dismal stretch 
of which can be seen extending ofi‘ towards the 
east. If w(? att(unpt to penetrate a deep ice-^ord 
we are soon repulsed by the imminent dangers of 
the voyage. A roll of the otherwise smooth lake- 
like water indicates some disturbance ahead, 
while at intervals the crash of ice and an explosion 
like the discharge of a park of artillery echoing and 
re-echoing among the lonely cliffs, and even scaring 
the cormorants, molliemokes, and looms, which cover 
the highest fells, warn us to proceed warily. There 
is a gentle breeze blowing from the land, and soon 
a long procession of icebergs comes sailing like a 
fleet of silver castles from the upjier reaches of the 
fjord. To graze one of these is to insure the destruc- 
tion of the vessel, to play the buffer between two of 

t After Rink ; “Gronland Geographwk og Statiatisk be«krc- 
vet,” Vol. I., p. 11. 
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them would bring the voyage of the stoutest ship 
to a prematui’e close. Even to fire a gun into the 
vicinity of an iceberg is dangerous, for the displace- 
ment of air caused will sometimes dislodge huge 
fragments of ice on the deck of the ship ; while so 
well aware are the Eskimo of the peril this entails, 
that in paddling among icebergs, which they only 
do when compelled by necessity, they disturb the 
water as little as possible, and if they speak at all, 
communicate with each other in whispers. If, 


bergs. High cliffs, noisy with birds, are on both 
sides, and the land termination of the inlet is 
milky with the water of a clay-laden stream which 
flows into it. If we follow this stream through the 
mossy valley round the bluff which bars our path 
in a straight direction, we shall find that it flows 
from under the ‘‘inlands ice,” a few miles to the east. 
Here the “ inlands ice ” api)ears in the form of a 
gentle slope which is slowly advancing towards the 
sea; but, contrary to what we see in Fig. 2, its 



Fig. 3.- Teemtnation of a Gbeenland Fjoed. 


however, we manage to ascend the land overlooking 
the Qord, we can examine its nature and products 
much more fully. We shall be able to see that it 
ends in a lofty upright face of ice. This is the 
“ sermiksoak,” the great ice-wall of the Eskimo, 
and is in reality the seaward termination of the 
“ inlands ice*” which is every now and again relieving 
itself of the surplus ice, in the shape of the bergs 
which we met floating out to sea. To reach the 
“ inlands ice” in this locality would be difficult and 
extremely dangerous. There is, however, a chance 
if we ascend one of the neighbouring fjords that 
we may be able to do so with comparative ease. 
We may sail up, say Pakitsok Fjord, and find it 
free of anything in the shape of glacier ice or ice- 


way is for the present blocked by a steep slope in 
front, so that it must either first flow into the trans- 
verse valley between and then surmount the hill, 
when it can descend by a steep grade to the 
inlet ; or it must wind through the narrow valley 
by which the glacier stream finds its way to the 
sea. This glacier stream we recognise as a familiar 
feature of tlie Alpine glaciers. It flows from under 
the ice, and may be I’egarded simply as the ice 
which has melted, or the surface-water which has 
found its way through the cracks and holes in the 
glacier, mingling with the mud derived from the 
grinding action of the glacier on the rocks over 
which it is ever slowly dragging. This mud we see 
shoaling up the fjord, and forming a fine laminated 
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clay, identical with what we have seen among the 
ancient glacial deposits of Scotland;** and if we 
drink a glass of water from the milky stream we 
shall speedily detect k grating on our teeth. 
In an ice-Qord the stream may be seen welling up 
in front of the glacier's sea-face, in the form of a 
spring or whirlpool, surrounded in the summer by 
flocks of birds. In the winter it sometimes 
prevents the sea-ice from forming over such spots. 


surface will be coursed over by miniature rivers, 
which after running for a longer or shorter distance 
either discharge themselves over the seaward face 
of the glacier, or fall thundering through the great 
crevasses which scar the ice in every direction, or 
through the “ moulins,” or holes, which, as in the 
Alpine glaciers, are found here and there (Fig. 4). 
No sight nor sign of living thing appears on this 
‘‘inlands ice” of Greenland, except hero and there a 



Clambering up this glacier slope we slowly ascend 
until we are on a level with the adjoining land, 
and have a full and uninterrupted view of this 
famous “inlands ice” of Greenland, which in various 
forms we have been made conscious of ever since 
we entered the Arctic regions. The^ice is evidently 
sloping from east to west; but as far as the eye 
can reach, north, south, and east, nothing but ice 
can be seen. In every essential point the “inlands 
ice,” though on a scale infinitely greater than any- 
thing we are acquainted with in Alpine countries, 
agrees with a mountain glacier. It is covered with 
the winter’s snow, and studded with pools when 
this has melted. If the season is advanced the 
* “ A Highland Glen ; ” “ Science for All,” Vol. L, pp. 37, 38. 


minute microscopic alga — a delicate plant belonging 
to the sea-weed order. The “ moraines,” so charac- 
teristic of Alpine glaciers, are wanting. These 
moraines, the reader who has already studied the 
pages;]; of this work need not be told, are simply 
the rocks, earth, and other debris which have fallen 
on the edg(is of the glacier as it ground its way 
through the mountain valley, or the stones which 
have become imbedded in its under surface, and 
then, after having melted out, are pushed before the 
glacier in its downward progress. The absence of 
these moraines proves incontestably that the “inlands 

t After Komerup: “Meddelelser om GrSnland,” Vol. L 
(1879), tav. II., p. 66. 

t “ Science for All,” VoL II., pp. 181, 267. 
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ice in its course to the sea could not have come in 
contact with any great land mass, at all events, in 
the manner which ordinary glaciers do. However, 
when the “inlands ice’* approaches the circlet of 
land which surrounds Greenland and forces its 
way through clefts in the marginal wall to the sea, 
it takes on the moraines, which are often seen on 
the surface of the icebergs floating out at sea. 
Sti*angely enough, however, in little hollows in the 
“inlands ice” is found a curious powder-like mineral, 
which Baron von Nordenskjdld has called Kryoko- 
nite, though what is its origin is not fully solved. 

A still more inexj>licable problem is — Where 
does the “ inlands ice ” come from ? Our ideas of 


from tlie coast of South Greenland, do not differ in 
any important particulars from the uncovered land 
in the same latitude. In reality, their presence 
confirms rather than weakens the theory just 
mooted. The ice in their vicinity is alone furnished 
with moraine, derived from coining into contact 
with them, for in all likelihood the earthy matters 
(p. 330) found incorporated with bergs are simply 
the mud and stones frozen into the under surface of 
the “ inlands ice ” on its long slow crawl to the sea. 
At all events it cannot be disputed that this “inlands 
ice ” is moving towards the sea. Most probably the 
motion is towards both sides of the country, though 
we know so little about the east coast of Greenland 


glaciers are so associated with mountains that we 
find it difficult to divest ourselves of the notion of 
the one being inseparable from the other. In 
regality heiglit, except to afford a slope whence the 
glacier can slide, is immaterial ; cold, to enable the 
snow of which it is composed to consolidate, is the 
essential jioint. That the highest point of the in- 
terior of Grecinland is lofty, is shown by the fact that 
though the farthest distance to which the “inlands 
ice ” has been explored is about one hundred and 
thirty miles towards the east, the elevation was then 
nearly 6,000 feet. Now at no place, and at almost 
no season, is Greenland — even at the sea level— not 
chilly enough for the formation of glaciers, while the 
interior, at the elevation of a few thousand feet. 


that this can only be guessed at ; but, from the 
greater abundance of icebergs on the western sid(*, 
the chances are that the motion is much more rapid 
in that direction. When the “ inlands ic(^” readies 
the land margin — or “outskirts,” to use the Dano- 
Greenland term for the uncovered portion of 
countiy — it naturally continues its downward 
course, and had the coast been an unbroken beach 
tliroughout, would show seaward one long ice-wall. 
This is not the case. It finds its outlet between 
the islands, or through the valleys which form 
the inland continuation of the fjords. If the cleft 
through which a portion of the “inlands ice” extends 
is broad, the “glacier,” as it is sometimes called 
(though in reality the entire “ inlands ice ” is one 


must be perpetually arctic and lofty (uiough, apart immense mrr de glace)^ is broad ; if it is narrow, the 


from the necessities of the latitude, for converting 
its “ garnered snows of a thousand years ” into true 
glacier ice. It is, therefore, in the highest degi*ee 
probable, whatever might have been the original 
condition of Greenland — and we know from the 
remains of semi-tropical plants found in beds of 
very recent geological age that it was at one time 
blessed with a warm climate — 
that, with the exception of a 
point here and there projecting 
above the general mass, the 
whole of the original land sur- 
face is now overwhelmed with 
ice.* The few spots known to 




project above the ice are called 
by the Eskimo “nunataks.” 


Pig. 6.- The “ Inlands Ice” abutting on the Bottom of an Ice-Fjord, t.o., a Fjord in which 
real Icebergs are formed, and from whence they are discharged into Baffin's Bay.f 


But at most they are small in circumference, and, as glacier is narrow ; if it is shallow, it reaches the 


is the case with those recentlv explored a few miles sea in the manner shown in Fig. 2 ; and, finally, if 


^ In tins necessarily brief sketch it is impossible to give 
more than the simplest facts, but in “Arctic Papers of the 
R. G. S.,” pp. 1—70, 1 have described the physical structure of 
Greenland in more complete detail ; and in an earlier paner — 
“Das Innere von Griinland^’ (Petermann’s Oewjraphuche M**- 
thcilunpen, 1871, p. 37K) — ^the general character of the interior. 


the cleft through which it finds an outlet seaward is 
deep, the “inlands ice” reaches the head of the fjord 
in tlie fonn fitted for discharging its surplus in the 

f After Nordenskjdld : “rRedogdrelse for en Expedition till 
OrdiUand. wl870»’ (Fig. 6). 
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form of large icebergs (Fig. 5). Now, it does not 
happen — as sometimes supposed — that when the 
“ glacier ” reaches the sea the iceberg tumbles off 
simply by tlie force of gitivity. On the contrary, 
the glacier grinds along the bottom, and, if the 
fjord be shallow, may project into the water for a 
long distance. But in time the end will reach 
water so deep that it will get buoyed up. As it is 
pushed farther out by the pressure from behind, it 
will sway up and down, like a ‘‘sawyer’’ in an 
American river, until finally the end will be broken 
off and float away in the form of an iceberg, the size 
of which the crevasse has determined (Figs. 5 and 6). 


But this operation is not accomplished quite so 
calmly as might be inf(3rred from the few words we 
can devote to it. Mr. Holland, a Norwegian 
geologist, who visited Grc^enland eight years after 
the writer did, had an opportunity of witnessing 
the birth of a family of icebergs at Jakobshavn 
Fjord. “ Without any previous indication ” — 1 
am quoting Dr. Rink’s description of the scene — 
“ a tremendous roaring noise was heard, while at 
the same time a white dust was seen to rise, and 
a large i)iece of the glacier was detached from its 
outer edge, which, after having rolled for some 
moments in the water, reared its edge in the aii - ; 
but almost instantly the pinnacled t4)p of this edge 
burst asunder and crumbled while falling. The 
calving having thus commenced, it was instantly 
followed by a much larger piece being detached, 
and issuing from the middle part of the glacier at 
the rate of one metre per second. But the extensive 
bouleversenients which now ensued made it impos- 
sible to discern the number and size of the large 
bergs which were formed out of this portion of the 
glacier, because clouds of dust now arose in different 


places, and the floating bergs in the vicinity were 
also put in motion, lolling and calving. It was 
more than half an hour before the whole scene 
again was calm, and the thundering noise which 
had accompanied the disturbance had subsided. 
It is also worth noticing that the waters of 
Tivsarigsok, the small creek of tlie original fjord, 
separated from it by the glacier, were considerably 
aftected, and the winter ice that covered it was 
seen to rise and fall violently.” 

We have taken the continental “ inlands ice ” of 
Greenland as the type of that by which bergs 
are dischargeil. In Disco and other islands, as 
well as in Spitzbergen, there are 
also “ inlands ices ” on a smaller 
scale, and, in addition, the moun- 
tains of the land margin of 
Greenland, as at Omenak, con- 
tain local glaciers identical in 
theij* structure with those of 
Alpine countries, excej)t that 
while the latter never, save in 
Norway or on the north-west 
coast of America, approach the 
sea, the former cannot, owing to 
the character of the country and 
its climate, ever be far removed 
from the sea-level. Icebergs are 
thus products of the land, and 
though some of the great glaciers 
of Alaska (Muir’s actually reach the sea 

and discharge i(;cjbergs, they are, from their very 
nature, practically confined to the extnuiie north. 

' It does, indeed, sometimes happen that icebergs 
drift far south; stragglers have been recorded 
as sailing in daily diminishing grandeur in the 
parallel of Spain, and there is even a case 
often quoted of one having been met with on the 
18th of June, 1842, in latitude 38° 40' north, 
measuring 100 feet in height and 170 feet in 
breadth. These children of the Frozen Lands are, 
however, as far out of their accustomed range as 
the Eskimo whose kayak is tradition ed to have 
been captured not far from Orkney, and though 
the current habitually carries bergs to the banks of 
Newfoundland, and if the wind blows fair even 
farther, the student who hopes to see them in per- 
fection, and to study their stmnge birth and 
character, must take up his abode by the side of a 
iQord like that of Jakobshavn, Sermelik, or 
Kangerdlursoak, in Greenland, where there is 
never wanting what John Davis described as 
“ much store of ice and snow.” 



Fig. 6.-— Diagram of the “ Inlands Ice,** extending into the Sea »nd terminating in a Steep 
Face; 100 ft. to 2:0 ft. high, from which Icebergs are ‘‘Calving.’* (A/Ur Nordermlcjold.) 
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HOW AN ANIMAL WALKS. 

By William Ackuoyd, F.I.C. 


T he walk of a man, or the trot of a horse, seems 
at first sight such a simple act as to admit of 
little scientific discussion. In reality, there are many 
points relating to the act which form a theme for 
hot debate among both physiologists and physicists, 
and those whose interest in the subject is of a less 
scientific character. We have known one set of 
men in a company maintain that when a horse is 
walking it advances both legs on one side together, 
and then follows with the legs on the other side ; 
others of a different opinion have said that the 
right fore and the left hind legs advance together, 
and then the left fore and right hind legs. As 
it was not much use trying to settle the question 
with words, it has usually been resolved to resort 
to the street, to narrowly watch a few horses as 
they were slowly passing, when it has appeared so 
difficult and puzzling to follow the movements of 
all four legs together that each one has remained 
of the opinion that he held at first. It is a matter, 
however, in which both parties could not be right, 
and one or other was certainly wrong. We there- 
fore propose to inquire into the problems of 
walking, and of the next stage of locomotion into 
which it imperceptibly merges, namely, running. 
To commence with one of the simplest cases, we 
may take that of a biped like man ; for after learn- 
ing what it is possible to know about the walk of 
a biped, it will be an easy step then to take into 
consideration the case of a quadruped. 

One of the most remarkable things about a man's 
walk is the diagonal movement which characterises 
it. The reader may imagine the hands and feet to 
form the four comers of a parallelogram, and the 
diagonal limbs are of course the right arm and 
left leg, and the left arm and right leg. By 
“ diagonal movement we therefore intend to 
convey the fact that the diagonal limbs, during 
locomotion, always swing in the same direction. 
A soldier on parade keeps his arms motionless 
by his sides, and on no account must they 
be allowed to vibrate. This is not what he 
would naturally do if left to himself. Watch 
any one person out of the hundreds walking 
along the streets, and it will be seen that he 
invariably swings his arms as he goes along, 
perhaps to an extreme degi’ee if he be a rustic, 
and less so if town-bred. The arms swing by the 
body like a couple of pendula, and with a speed 


which entirely depends upon the rate at which 
he may be walking. The athlete, anxious to com- 
plete the given nimiber of “laps” in a mile or couple 
of miles and outstrip his competitors, swings his 
arms to and fro with a quickness which corre- 
sponds with the motion of Lis swift feet ; the 
business man also swings liis arms with a motion 
which, if not so quick, exactly times with the 
motion of his legs ; and even the idle man about 
town, lounging along some fashionable quarter, 
unconsciously gives a slow motion to his arms 
which corresponds to his tardy legs. Now, if the 
motion be even carelessly observed, it will bo 
found that the right arm swings forward at the 
same time as the left leg; and when the right 
leg is advancing, it is the left arm which accom- 
panies it. This is the natural gait, and, to con- 
vince oneself that it is so, it is only requisite to 
get a friend to walk across the room in the 
o])posite fashion — i.e., to swing the right arm 
forward when stepping out with the right l 63 g, and 
then, in the same manner, when bringing forward 
the left leg, to accompany it with the left arm. 
Such a gait is both unnatural and uncomfortable 
to the person who tries it, and also ludicrous to the 
observer who watches a first attempt of the kind. 

The diagonal movement of the limbs is therefore 
the natural method adopted by man when walking, 
and it is the first and most apparent fact that 
one ascertains in studying human locomotion. 

When a man is standing still, the essential con- 
dition of stability is the same, of course, as that of 
every other body — viz., that the vertical line falling 
from his centre of gravity shall fall within the 
basis of support ; but in the act of walking the 
centre of gravity is jmshed forward, and the 
continued act of pushing it forward with one leg, 
and then swinging this leg into a new jiosition, 
while the body, so to speak, rolls over the leg 
whose foot is in contact with the floor, constitutes 
walking. Weber has shown that the advance of 
the hinder leg is not in itself a muscular action 
under ordinary circumstances, as it consists only 
of swinging it forward under the influence of 
gravity, the leg being for the time to all intents 
and purposes a pendulum. A long pendulum 
vibrates at a much slower rate than a short one ; 
it therefore follows that if two persons are walking 
side by side with their natural step, the one witlx 
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the shorter legs will take a great number more 
steps than his comjmnion with long legs in covering 
a given distance, and to keep in step, either the 
long man must take shorter steps than he has been 
accustomed to^ or the shoiii man longer ones. As 
we have already seen, the arms accompany the 
movements of the legs, and an athlete when walk- 
ing fast or running usually bends his arms at the 
elbows. The reason is plain. It would evidently 
be a difficult matter for him to swing the extended 
arms, in quick walking and running, so as to keep 
time with the quickly-moving legs. He therefore, 
by bending his arms, makes them into shorter 
pendula, and it is now a matter of ease for him to 
swing them alternately forward as fast as his lower 
limbs. Increased speed is also attained in walking 
by lowering the centre of gravity of the tnmk, by 
longer steps, by bending the limbs more, and by allow- 
ing the sui>porting limb to remain a shorter time 
on the ground. It often happens that, in reducing 
the time the supporting limb remains on the ground 
to a minimum, a competitor in a walking match is 
disqualified, as he breaks out into a run. Running 
is distinguished from walking in that the hinder 
leg is raised before the advancing leg reaches the 
ground. The exact nature 
of a man’s movements when 
walking will be apparent 
from a few minutes’ con- 
sideration of Fig, 1. The 
centre of gravity of the 
body is at g, and a vertical 
line dropped from this point 
to the floor falls within the * 
area covered by the foot 
at J. Under such circum- 
stances the body would be 
at a standstill ; but tlie 
extension of the other leg 
J gives a push to the body 

at o in the direction a r, 
so that we may regard the 
weight of the body, or the centre of gravity at g, 
as being acted upon by two forces; — (1) the pull of 
gravity, and (2) the push of the extending leg, g j'. 
This latter force may be resolved by an elementary 
principle in mechanics into two forces, represented 
in magnitude and direction by the lines g v and 
o H. The latter force is of course the one which 
tends to carry the body forwards, and the former is 
the one which produces the up-and-down motion of 
the body in walking, and is opposed to the pull of 
gravity. The top of the head consequently in 

235 
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walking describes a wavy line, which is a combina- 
tion of the up-and-down and onward movementa 
In early times a certain significance was generally 
attached to certain numbers. Seven had a pro- 
minent position in this respect, as was painfully 
evident to the King of Egypt, whose dream 
i*elated to the seven years of plenty and the seven 
years of dearth ; and to Naaman, the Syrian leper, 
who was told to wash seven times in the Jordan. 
Then there were the seven wise men, the seven 
wonders of the world, and the seven champions 
of Christendom. One attaches very little im- 
portance now to a number in a mystical sense, 
but the very next number after seven — i.e., eight — 
has of late years become one of importance in 
science, not so much l>ecause of the number itself, 
as of the form by which we represent it ; for it 
will have been noticed that the figure of eight is 
a most important one in nature by those readers 
who have studied the physics in this work. It 
is one of the figures described when the vibrations 
of a couple of pendula swinging at right angles 
are combined ; it is the luminous figure produced 
by Lissajou’s method when two tuning-forks, an 
octave apart, are made to vibrate ; * and it is 
the figure described by a wing in motion when 
the flying animal is artificially fixed. We here 
refer to it because of its importance in animal 
locomotion. According to Pettigrew, who was 
the first to point out the figure-of-eight movement 
in animal locomotion, there is a figure-of-eight 
track produced by the extremities both in walking 
and running. Thus r (Fig. 2) may represent the 



Pig. 2.— Figure of-eight Track, produced by the Altematinff of thd 
ExtremiUes in Man in Walking and Bunning. {Aftwr Pettigrev',) 

track traced out by the right leg when advancing, 
and s the path produced similarly by the left arm 
swinging along with it. At the very next step the 
curve t is produced by the advancing left leg, and 
the curve it by the right arm. By the intersection 
of these sinuous lines, we have a series of ellipses 
formed, any adjacent two of which give us £he 
noted figure of eight. 

All the three kinds of levers are employed in 
the animal frame during locomotion — viz., the 
lever like the ci’owbar, where the weight to be 
lifted is at one end, the rest, or fulcrum, in 
♦ « Science for All,” Vol. IH., pp. 97, 98. 
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Pijf, 3— TheFoot as 
a Lever of the 
First Kind. 


between, and the power at the other end; tlie 
lever like the wheel-burrow, where the fulcrum 
(wheel) is at one end — at the point where the 
wheel is in contact with the ground — the weight 
in the middle, and the power at the other end, or 
handles ; and the lever where the weight is at 
one end, the power applied at the middle, and the 
fulcrum at the other end, as in a 
pair of sugar-tongs. The way in 
which the organic levers act is 
well illustrated by the movements 
of the human foot. Thus, in the 
foot, when the toes are tapped on 
the ground (Fig. 3), we have an 
illustmtion of the first kind of 
lever ; the ankle-joint being the fulcrum, the mus- 
cular power being applied at the back of the heel, 
and tlie weight being the fore part of the foot. 

When the body is raised in the act 
of standing on tip-toe (Fig. 4), the 
fulcrum is the ground, the power 
is applied by the muscles of the 
calf to the heel, and the weight 
to be lifted is that portion of the 
weight of the body wliich is borne 
by the ankle-joint ; and here we 
have an example of the second kind of lever. 
And the same parts may also represent a lever 
of the third kind when one moves a weight resting 
on the toes up and down ; for 
here (Fig. 5) the ankle-joint is 
the fulcrum, and the power 
is furnished by the extensor 
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Pig. 5. — The Foot ns a 
Lever of the Third Kind. 


muscles at the front of the leg. 


Of course, movements of this 
nature are employed to a greater or lesser degree in 
every act of locomotion, only the power is supplied 
by the contraction of several muscles all associated 
together. It will be perceived that it is the solid 
framework, or bone, which furnishes the arms 
of the levers, and that the fulcra may be either 
joints or the solid ground. Joints act the part 
of fulcra in many movements of the body, lixus, 
when a gymnast is slowly raising one of his legs 
in the act of advancing it in peculiar gymnastic 
style, which is different from the pendulous swing 
in ordinary walking, the fulcrum is the hip-joint, 
and the weight the mass of the leg ; but when the 
foot of this same leg has come down to the floor, 
{he fulcrum is now the ground, and the weight to 
be moved, or kept moving, is the mass of the body. 
Hence we have two kinds of fulcra to consider — 
joints, and the surface which is being tmvelled over ; 


action on the former producing motion in the animal 
frame, and action on the latter producing a motion 
of translation, or locomotion. Assuming that the 
surface travelled over, or earth, be flat, it is of 
importance that the foot applied to it be small, so 
that there may be a minimum amount of resist- 
ance ; just as in the chemical balance, where a 
knife-edge rests on an agate surface for a fulcrum. 

Of other bi{)eds, birds, as a general rule, are not 
adapted for either walking or running well. A 
noted exception, however, is the order of birds 
which was formerly known as Curaores^ and now 
named Struthioiies, The long and powerful 
legs and small feet of the cassowary and ostrich 
are remarkably well adapted for runnins; ; especially 
is this the case with the latter. The foot of the 
ostrich has only two toes, and the sole is flat and 
well adapted for locomotion on plane surfaces. 
The prodigious strength of its legs also adds 
greatly to its running capabilities. Of its strength 
of limb, some idea can be formed from the fact 
that with a single stroke it hsus been known to 
break the thigh-bone of a man, and also to lay 
dead at its feet dogs that have been employed in 
hunting it. At the extremities of its toes it has 
powerful, short nails, the tips of which project 
below to protect the toes, and they also give an 
elasticity to the foot when leaving the ground. 
To these advantages we have likewise to add the 
fact that its shorf wings, which it uses when run- 
ning, are excellent accessories, and materially 
inci’ease its speed. When about to run, it stretches 
out its neck, and inclines its body forward; the 
legs are then moved alternately with great rapidity. 
The motion of these two legs is of course com- 
jiarable with the motion of a man^s legs ; for the 
trunk is momentarily supported by an extended 
leg, which touches the ground, while the other 
leg swings forward in i)endulum fashion. The leg 
which is touching the ground acts the part of a 
lever of the third kind, the ground being the 
fulcrum, and the weight of the body, concentrated, 
so to speak, at the centre of gravity, being the 
mass to be moved forward. 

In the locomotion of a quadruped like the 
hoi'se, for example, the first thing that we have 
to call attention to is the diagonal motion of its 
limbs. It is a hopeless task, in nine cases out of 
ten, for a person to make out this diagonal motion 
who is unaccustomed to observing intently the 
walk of a horse. It may be seen, however, Tery 
easily when cattle are grazing, because then the 
motion of the limbs is so slow that one can 
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leisurely follow their steps without getting per- 
plexed; and again it is observed with ease in a 
horse when trotting, because it moves its diagonal 
limbs both together, and they reach the ground 
nearly, if not exactly, at the same moment of 
time. The difficulty which is experienced in the 
case of a horse walking at its ordinary speed — i.e., 
nether fast nor slow — arises from the fact of its 
diagonal limbs not exactly swinging together like 
the diagonal limbs of a trotting boi*se or walking 
man, but having the hind limb of the diagonal pair 
slightly lagging behind the other. If we number 
its feet 1, 2, 3, and 4, as in Fig. 6, and suppose 




Fig. A.— To niustrate the Step of the Horse, 


that it is standing with them as there represented, 
we should find that upon commencing to walk, if 
it stepped out with 1 first, this would be followed 
by 4 ; then 2 would advance, and be followed by 3 
slightly behind. It is pretty evident, if one 
listens to a horse as it is walking along a stone- 
paved street without watching its feet, that never 
more than one foot is put dowm at a time, and the 
order in which they are put down, referring once 
more to Fig. 6, is 1, 4, 2, 3. 

The walk of a quadruped like the horse may 
be compared to the walk of a couple of bipeds, 
with a common body between them, and from the 
order of the movements of the legs it follows that 
the body in advancing has a serpent-like motion 
given to it. A twist is given to the fore part of 
the body when the fore legs are separated, and a 
twist is given to the hind portion of the body in 
the opposite direction when the hind feet are 


m 

separated. Pettigrew points out that this may be 
well observed in a cat when walking, if one looks 
at it from above. A continuous wave of move- 
ment is then observed travelling along its spine 
from before backwards, which closely resembles 
the crawling of the ser]^)ent and the swimming of 
the eel. 

There are few more common objects in our land 
than the horse, so that many of the foregoing and 
following I'emarks concerning its locomotion readily 
admit of verification. The paces of the horse are 
divided into the walk, trot, amble, and gallop. In 
the walk and trot thei'e is the diagonal movement 
we have already spoken of. In the amble, which 
is not so natural a step for the horse as the others, 
the feet on the right side move together to foiin one 
step, and the feet on the left side move together to 
form the second step — like the camel when .pressed 
into a gentle pace, or the giraffe when I’lmning. 
One has generally the impression that the gallop 
consists of a series of bounds — an idea which is 
cei’tainly strengthened by the rise and fall the rider 
is subjected to ; but it has been maintained that if 
the gallop consisted of a repetition of bounds the 
horse could not keep it up so long as it does. 
Gamgee has made careful measurements of the 
walk, trot, and gallop of a horse, which will be 
readily understood. Fig. 7, a one might regard as 
the impressions of the hoofs of a horse when walk- 
ing. The distance between each impression is put 
down in inches, so that the length of step of lioof 1 
in walking is evidently five feet four and three- 
quarter inches. The diagram represents a rapid 
walk, so that after the first foot has taken its 
stride of over five feet into a new position, the third 
foot steps eleven inches in front of the vacated 
position j in a slow walk it may be several inches 
behind. It is easy to see, therefore, that there 
will be a pace where the third foot exactly replaces 
the first, and if the movements of the feet be not 
timed properly, it sometimes happens that the 
hind foot knocks off the shoe of the fore foot. 

In the trot, it will be observed that the third 
foot alights farther still in front of the first ; in the 
particular example represented in Fig. 7, B, the third 
foot being nineteen inches in advance of the first. 
The steps are also longer, the second position of the 
first foot being ten feet one inch away from its first 
place. An inspection of the hoof-marks made in 
the gallop (Fig. 7, c) shows that the distance, 
between two consecutive positions of the fore foot 
is much greater than in either the walk or the 
trot, being in this particular instance eighteen feet 
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five inches. Of course th^ length of the step in 
different horses varies as much as it does in 
different men, and the figures quoted here refer to 
a particular horse whose movements were studied 
by Gamgee. This much is pretty apparent from 
the diagrams, that the length of stride depends on 
the speed acquired, the momentum of the moving 
body carrying the limbs forwaixi with it. The 
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same remarks of course apply to man, whose stride 
is much longer in running than in ordinary walking. 

The diagonal movement in the quadruped, as 
seen in the walk and trot of a horse, seems to be 
tlie most natural, and the amble is only produced 
by the art of the trainer. There is not that con- 
tinuity of motion in the amble that there is in the 
diagonal movement, and on this ground alone one 
could understand a horse’s preference for it. 
Perhaps it would not be difficult to assign other 
reasons besides for the diagonal movement. Thus 
it appeal's not improbable that the line joining 
two diagonal legs is nearer to the vertical line 
dropped from a horse’s centre of gravity than a 
similar line joining two side legs would be; so 
that if the animal had to balance itself on two legs^ 
it would be easier to do it on 2 and 3 (Fig. 6) than 
on 1 and 3, A practical proof is genei’ally refresh- 
ing to the mind, and one is easily adduced in the 
present instance, if the reader will follow our 
instructions. Revert once more to the primitive 
mode of progression that you in all probability 
practised in your babyhood. Go down on all-fours. 
You will find that you are able to balance the body 
better on two diagonal limbs — say, for example, the 
right hand and left foot — than on two side limbs 
like the right hand and right foot. In the latter 
case there is a greater tendency to fall over on 
one sida When, therefore, you proceed to imitate 
the walk or trot of a quadruped, the diagonal step 
appears to be the most easy and natural. One 
can get along better with it than by advancing 
with the two limbs on one side, and then the two 
limbs on the other, which gives rise to a wad- 


dling gait It appears, therefore, not improbable 
that the diagonally opposite feet of a quadruped 
are better placed for supporting readily the body 
of a horse than two side feet ; consequently they are 
BO employed while the remaining two diagonal feet 
are used for advancing to new positions, to become 
in their turn efficient supports of the body. 

The most perfect form of motion, if it could have 
„ been used conveniently in the animal 

^ ^ ‘ t 4 ^ world, would have been that of a rolling 

^ ^ sphere. For example, what other foim of 

body will go so far or so easily along a 
plane surface as a rolling cricket-ball t It 
has but one point in contact with the 
plane it rests on, and the vertical line let 
fall from its centre of gravity falls within 
that point. But perfect rotation in the 
animal frame is out of the question, as by 
it vessels would be ruptured and all con- 
tinuity destroyed between the rotating organs and 
the parts they supported. It is, therefore, impos- 
sible to conceive of anything which would better 
subserve the purposes of animal locomotion than 
the admirably constituted limbs, with their small 
extremities, which project from the body. 

The feet of animals, as a rule, are small and com- 
pact, and well suited for the ground they have to 
walk on. One could think of nothing better fitted 
for animals like the horse, cow, sheep, and pig, in 
their natural state, than the homy feet they 
possess, although it has been found necessary, of 
course, in the case of the first-mentioned animal, to 
fortify its hoof with an iron shoe, because of the 
peculiar nature of the roads it has constantly to 
travel in towns and cities, and of the pressure it 
has to apply to the rigid ground in drawing large 
weights. That peculiar power of adaptation to 
circumstances, too, which one finds so universally in 
nature is likewise well shown in the modification 
the extremities have undergone where the wants 
and habits of the animal rendered it necessaiy. 
The partially webbed foot of the otter fits it alike 
for swimming and walking ; the large yielding foot 
of the camel suits it for travelling on desert sands 
with ease where the hard-hoofed horse would soon 
be exhausted ; the velvety padded feet of the lion 
and tiger are exceedingly suitable for that stealthy 
tread which characterises the cat family when 
stealing on their prey ; and wherever we look, all 
throughout nature, we find that the feet are adapted 
to the animals’ surroundings. The swiftest are 
those which, like the gazelle, possess the smallest 
feet y for her^ as Pettigrew well points out^ a 
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double purpose is subserved by their small feet, 
^ the limit^ area presented to the ground afford- 
ing the animal sufficient support and leverage, and 
enabling it to disentangle its feet with the utmost 
facility ; it being a condition in rapid terrestrial 
progression that the points presented to the earth 
be few in number and limited in extent, as this 
apptx)ximates the feet of animals most closely to 
the wheel in mechanics, where the surface in con- 
tact with the plane of progression is reduced to a 
minimum.” Hence, if we compare a couple of 
families of one order of animals, say the carnivores, 
or flesh-eaters, we And that the fleetest are those 
like the dog mid the cat, with feet comprised only 
of the toes which they walk on, and that the slowest 
are the bears, who are remarkable for their heavy 
gait, and whose feet are big, and planted flatly on 
the ground. The feet of the ostrich, also, as 
we have already seen, are reduced to a mini- 
mum, so that when this bird is running it can 
outstrip even the fleetest horses, the hunters being 
only able to capture it by the stratagem of running 
it backwards and forwards across the plain until it 
i^ exhausted. 

So far we have been dealing with the more 
apparent aspects of the problem of animal locomo- 
tion, It is easy enough to see the antics of a 
wooden figure, to note the manner in which it 
moves its legs and arms ; but we cannot see the 
strings by means of which the marionette is 
moved, and we become at once curious to know 
how the thing is done. Within so small a compass 
as the cranium, or skull-case, all orders are con- 
ceived and set in action, so that if the home, whose 
gait you have been studying, takes it into its head 
to kick you, its leg is communicated with from the 
brain, and extended to its fullest extent by a 
mechanism far more wonderful than any ever 
employed in a marionette show. Some idea of 
how this is managed in the animal frame has been 
given already in the paper on ‘‘Nerves or No 
Nerves” (Vol. I., p, 174). The kick, however, 
given in this case differs from the ordinary walk in 
this — that the horse might walk^for miles along a 
road without once giving a thought as to how it 
was putting down its legs or the direction it was 
taking ; but when it gave the kick it was impelled 
to do so by some cause, and for the time being 
its equine mind was directed entirely to the act of 
kicking, both as regards direction and extent In 
other words, the action was a conscious ona 
Now, when any particular action is often repeated, 
one can at length do it with but little, if any, 


thought, and then the action becomes an un- 
conscious ona Walking is an unconscious action 
with a boy or man of normal health; but it requires 
no proof that when they were babies the hesitating 
and faltering step which was taken in the first 
attempt at walking was an uncomfortably con- 
scious one, and only by prolonged repetition did 
it become an unconscious act. The act of walking, 
therefore, differs from a thousand other acts, in 
that it is an unconscious act. 

The brain is a most wonderful and elaborately 
constructed organ, wliich regulates the movements 
of most of the other parts of the body, very much 
as a general and his staff regulate the movements 
of an army. Each particular portion of it would 
appear to have its special command ; so that if this 
portion becomes diseased, the organs which it con- 
trols are no longer capable of well-ordered move- 
ments ; or if it be excited, these self-same organs 
may be made to execute their special movements. 
In other words, it has been shown by the labours 
of many experimenters that there are in the brain 
certain centres of what is termed motor activity — 
e.e., when these particular parts of the brain are 
affected, certain muscular acts are either prevented 
or produced. The experiments of Ferrier on this 
subject are of particular interest. He found that 
upon applying the terminals of an induction coil 



Fig. 8.— Braia of Man and of Pigeon, ch , Cerebrum ; obm.. 
Cerebellum. 


to particular parts of the brain he could call forth 
certain actions, and he was thus enabled to make a 
rabbit munch, a cat move its foot and leg as if 
seizing a mouse, and a dog wag its tail from side to 
side. From the precise locality in which the brain 
excitement was produced he was able to predict the 
nature of the motion which would be called forth. 
These observations apply to what is termed the cere- 
brum, or large brain; for it will be understood that 
the brain is divided roughly into the cerebrum 
and the cerebdlum, or little brain, which is placed at 
the back of the head (Fig. 8). A curious fact with 
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regard to this cerebellum was discovered by Ferrier. 
It was found to have control over the movements ot 
the eye-balls, regulating their rolling movements 
from side to side, and also that movement of the 
eyes which, when the head is swayed from side to 
side, keeps the image of an object on the same areas 
of the retinae. Now, this is a very important fact, 
as one can well understand that a derangement of 
this portion of the brain would entail most serious 
consequences to one's power of walking. The fol- 
lowing considerations will make this quite plain. 

Suppose that, as you are standing in the street, 
from some faulty control of the eyes, images of 
external objects are cast upon areas of the i*etin8B 
which lead you to suppose that these objects 
occupy positions other than those they really do 
occupy; that the ground before you is higher or 
lower than it irnlly is, that the lamp-posts, walls, and 
houses are placed differently from what they really 
are. What would be the result 1 In stepping on 
to the imaginary high ground, you would go down 
with the uncomfortable jerk that one experiences 
in stepping unexpectedly into a pit-fall; in avoiding 
the imaginary lamp-post you would very probably 
collide against the real one; you would be, in short, 
in the painful position of being thought to be 
hopelessly drunk. It appears not improbable that 
something like this happens when the cerebellum 
of an animal is destroyed ; for it can no longer 
balance its movements, and steady walking is 
therefore impossibla The experiment which per- 
1^)8 demonstrates this fact more than any other 
ts the cruel one which was first performed by the 
French philosojiher, Flourens. He removed the 
cerebellum of a pigeon (Fig. 8) in successive slices, 
thereby showing that there was a progressive 
effect upon locomotive actions. On taking away 
the upper layer of the cerebellum, the pigeon 
exhibited weakness and hesitation of gait ; by the 
time the middle of the organ was reached it 
staggered, and assisted its walk by flapping its 
wings. At a further stage in the process it could 
no longer preserve its steadiness without the 
assistance of wings and tail, and the slightest touch 
overturned it. Finally, when the whole cerebellum 
was removed, it could not support itself even with 
tlie aid of its wings and tail ; the sight and hearing 
being, however, quite perfect. From these experi- 
ments, which have been often repeated and as 
often found correct, it would appear that the 
cerebellum plays the all-important part in animal 


locomotion of co-ordinating the movements of the 
eye-balls and of the muscles generally. When, 
therefore, an animal is walking or running, the 
order and nature of the movements of its legs are 
determined by the cerebellum in some mysterious 
fashion, so that its gait may be correct in every 
respect. 

But tlie animal mechanism concerned in loco- 
motion is even more wonderful still ; for it is 
an apparatus far more efficient than any human 
device for the utilisation of energy. In the best- 
constructed steam-engine only from eight to ten 
per cent, of the available energy is utilised, but in 
the human body as much as twenty-five per cent 
may be turned into mechanical work. 

We have taken but a cursory view of the subject 
of animal locomotion, but that has been sufficient 
to show us that the means adopted in nature 
for progression on land are simply inimitable. The 
flight of a bird and the swimming of a fish have 
been copied with some degree of success, but the 
god-like walk of a man never. Fabulous tales, 
somewhat vague in their details, come to us out of 
the mists of antiquity, attributing to Daedalus the 
credit of having constructed statues which walked; 
and we are told by Aristotle of a wooden Venus 
which moved about when quicksilver was poured 
into its interior. But even if we admit, what is 
very improbable, that these statues were worked 
to some extent by hidden internal mechanism, they 
could never subserve any other purpose than that 
of imposing on the credulity of the ignorant, or 
amusing those who could afford to pay for it. It 
would be a much easier matter to imitate the 
walk of a four-legged beast, because here there 
would not be so much difficulty in keeping the 
centre of gravity within the basis of support. 
Something of this kind appears to have been 
devised by M. Camus for the amusement of 
Louis XIV. when a child. A small coach was 
drawn by two automaton horses. Within the 
coach there was the figure of a lady, and a footman 
and page behind. At the smack of tlie coachman's 
whip the horses instantly set off, moving their legs 
in a natural manner and drawing the coach after 
them. Such devices are not more wonderful than 
the automata the reader may have often seen 
which have been set in motion by clock-work. 
But how immeasurably all these contrivances fall 
below the lowliest organism in wonder and utility 
of design ! 
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A CLOD OF EARTH. 

By David Houston, F.L.S. 

Lecturer on the Principlee of Agriculture at the Birkbech Institution, 


T hat the soil under our feet is a soft, more or 
less loose, superficial layer of earthy matter 
requires but the briefest examination to prove; 
that in most cases it is intermixed with decaying 
substances, and resting upon the solid rocks beneath, 
from which, by processes of decay, it has been 
almost entirely derived, can be shown by a com- 
parison of the nearest underlying formation. Some- 
times this layer is very thin, forming merely the 
scantiest covering, and affording sustenance to only 
the very simplest forms of vegetable life, while at 
other places it may occur as a deep deposit of rich 
earth, able to sui)port even successive crops of 
highly-developed plants in absolute luxury. Be- 
tween these two extremes we have, of course, all 
sorts of gradations respecting depth ; but in most 
soils of any considerable deepness of earth there 
exist a clearly-defined upper and under stratum, 
differing mainly from one another in the state of 
sub-division of their particles. The under, known 
as the subsoil, is stiff, plastic, and heavy, and 
passes gradually into the substance of the rock 
beneath, whose upper surface presents a broken-up 
appearance, due to the slow decomposition and 
consequent crumbling away of its substance. 

Soils, however, are not always foimed directly 
from the rocks above which they are found, as in 
many cases the materials have been carried and, 
deposited there through the agency of water. Such 
transported soils, as they are called, may therefore 
differ very widely from the underlying rock, both 
in general character and chemical composition. 

Among themselves, soils differ very much in 
their distinctive properties ; in one district we have 
heavy clays, in other places light sands or marls, 
while in another part of the country soft, fibrous 
peat is the occurring soil. 

Sands, clays, and maids are all disintegi^ation 
products, derived from the graduaf decay of various 
solid rocks. These rocks may have been either 
primitive crystalline rocks, like granite and syenite, 
or volcanic, as lava andwhinstone; while sedimentary 
or aqueous rocks are often disintegrated to produce 
materials for the formation of soils. Air, water, 
and frost are powei'ful agents in this work of rock 
destruction. It is well known how the free oxygen 
of the air readily enters into chemical combination 


with non-oxidised or low-oxi lised substances, espe- 
cially if these materials are presented to it in the 
presence of moisture, The resulting compounds, 
or oxides, are, generally speaking, much bulkier 
than the original substances, and quite different in 
nature and properties. Carbon dioxide (carbonic 
acid gas), ever present in air in solution in watery 
vapour, is a powerful atmospheric solvent agent, 
and its action is most potent in bringing about tlie 
decomposition of felspathic and calcareous rocks. 
Water impregnated with this gas has its solvent 
power greatly increased, and wh(!n water so charged 
oozes into or through rock masses, it gradually dis- 
solves out certain constituents, such as alkaline 
silicates, or calcium or magnesian carbonates, and 
so leads to the disintegration of rocks in which any 
of these substances may exist Frost, too, is a 
most active soil-forming agent. During the winter 
months rocks are broken up, and fragments more 
or less crumbled, by the freezing and consequent 
expansion of the water which fills their fissures, 
cracks, and cavities. 

It will be remembered how granite, one of the 
hai^est of rocks, is decomiK)sed. j It is made up 
of the three minerals, quaitz, felspar, and mica. 
Quartz is simply an oxide of silicon, and is verf' 
hard and difficult to decompose ; but felspar is a 
more complex compoimd, somewhat softer than 
silica, and liable to be decomposed under the 
weathering action of the air and other natural 
forces. There are several varieties of felspar ; but 
each contains the metallic element aluminium in 
combination with silicon and oxygen, forming 
aluminic silicate, associated with variable propor- 
tions of some one of the silicates of the alkaline 
metals, potassium, sodium, calcium, or magnesium. 
Under the ever-acting influence of the carbon 
dioxide in air, rain, or moving water, the alkaline 
matter in the mineral is slowly dissolved out, and 
may be entirely or' partially washed away, leaving 
behind a residuum of more or less pure clay or 
silicate of alumina. Under ordinary conditions, it 
very seldom happens, however, that pure clay, or 
kaolin, is formed, as the aluminic silicate is almost 
always mixed with the silicates of potash, soda^ 

• “ Soienoe for All,** VoL n., p. 42. 

t iWrf., Vol I., p. 250; VoL IV., p. 17, 
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lime, or magnesia, and often coloured, too, with 
some oxide of iron } indeed,* pure clay being an 
insoluble compound, it is entirely worthless as an 
agricultural soil, as it would be absolutely unable 
to afford any nourishment whatever to plants. 
While this decomposition of felspar is going on, 
the little grains of quartz are released, and either 
mix' directly with the clay, and thus modify its 
character, or are cairied off by running water to 
form river-sand. 

Respecting the mica, it is also essentially a 
silicate of alumina in combination with potash, 
soda, magnesia, lime, oxide of iron, or other sub- 
stances, in proportions varying according to its 
variety. This mineral may suffer partial or com- 
plete decomposition, or particles may be washed 
away by running water in company with the sand. 
The complete chemical percentage analyses of a 
piece of granite and a specimen of basalt are here 
given, as it is interesting to observe that both (one 
a whinstone rock, and the other a volcanic product) 
contain all the inorganic ingredients necessary for 
the production of a fertile soil, only tliey exist 
in the undecomposed rock in a locked-up or 
unavailable condition, in consequence of their 
insolubility ; — 


Silica 

Oranite. 

72-0 

Basalt. 
43 0 

Alumina . 

16-0 

14-0 

Ferrous oxide . 

1*0 

15-3 

Limo 

lo 

121 

Magnesia . 

•5 

9-1 

Potash 

6*0 

1-3 

Soda 

2-5 

3-9 

Phosphoric Acid 

. Traces 

Traces 

Water 

. — 

1-3 


1000 

1000 


Where the products ot rock decay are not carried 
off, there a soil will be gradually formed ; and upon 
it, at first, some of those lowly plants depending 
more upon food brought to them by rain than upon 
that which may be absorbed from the earth will 
establish themselves and thrive ; dying, their bodies 
rot on the scanty soil, and thus not only add to the 
depth of earth, but, by yielding up to it important 
organic materials, so enrich it that plants of higher 
organisation will in time be able to establish them- 
selves upon it. Such a soil as this, which has been 
supposed to be formed on the spot, will, if derived 
from granite or any similar rock, be obviously a 
mixed soil : that is, it will contain sand and clay — 
clay with a small proportion of soluble salts of 
potash, soda, lime, magnesia, oxide of iron, and 
other substances, intermixed with a certain amount 


of organic matter. Rock fi'agments, varying in 
si'/e from sand particles to stones of moderate size, 
will also be found more or less freely scattered 
throughout the soil. These stones may, by the 
way, be looked upon as reserve materials from 
which the soil, by their slow decay, is gradually, 
but constantly, deriving fresh soluble matter, neces- 
sary for the nutrition of planta A soil of this 
composition is known by the name of a “loam,” 
and it may be taken as a good typical example of 
a fertile soil, as in it we have all the inorganic 
elements required by plants, and these, too, in a 
soluble condition. 

Taking, then, a clod of loamy earth, its rough 
general composition may be easily made out by a 
mechanical analysis. The clod is first thoroughly 
dried, and then weighed. When pulverised, all 
the stones are picked out and placed aside. The 
powdered earth is weighed (the loss of weight 
noted, as representing the weight of the stones), and 
then placed in a metal or porcelain pot or dish, and 
submitted to a heat strong enough to bum away 
all its organic matter. When cool, it is again 
weighed, and the difference in weight noted, as 
representing the amount of organic matter whidi 
was present. (Or a fractional quantity of the soil 
may be taken and burned in a spoon, and the pro- 
poriion calculated.) The soil is next placed in a 
tall vessel, into which a stream of water is allowed 
to slowly flow ; by stirring the water the particles 
of earth are thoroughly separated, and by the time 
the vessel is nearly full the whole of the earth is in 
a state of suspension in the body of the liquid. 
After allowing the water to remain stationary for 
a few seconds, so as to give time for the heavier 
particles of sand to sink, the muddy water, con- 
taining the smaller and lighter particles of clay, is 
poured off, and the washing process repeated until 
the sand is quite clean, and the water to be poured 
away perfectly clear. By now weighing the dried 
sand, the aveiage amount of this substance may be 
ascertained, while the amount, represented by the 
deficit in weight, of all the other ingredients com- 
bined, from the weight of the original lump, will, 
of course, give the average amount of clay. 

The next important thing to know about a soil 
is the percentage of soluble matter that it contains, 
as its fertility and consequent value as a crop- 
producer depend very much upon this particular. 
A known quantity, by weight, of dried soil is 
taken, and subjected to a process of water macera- 
tion for several hours, or perhaps days, stirring it 
as often in the meantime as may be convenient ; or, 
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if an immediate determination is desired, the mix- 
ture may be gently simmered for an hour or so, 
until sufficient time has been given for all the con- 
tained substances soluble in water to be dissolved 
out ; then, after allowing it full time to settle, the 
cl^ liquid is poured or filtered off, and the 
moist earth dried and weighed ; the loss in weight 
gives, of course, the amount of soluble matter that 
was present in the sample. There is, however, in 
all soils a further per-centage of matter which, 
although not soluble in rain-water, may be dissolved 
out through the agency of acids. The substances 
that may be removed in this way represent 
materials which, although not quite ready for 
immediate absorption by plants, are yet ready to 
be slowly converted into an available condition 
by the continued action of those forces which 
brought about the formation of the soil. But 
the great bulk of the soil is made up of sub- 
stances insoluble in both water and acids, as the 
following analysis of a soil from Midlothian, 
made by the late Dr. Anderson, will show : — 

Surface-Boil. Sub-soil 

Substances soluble in water 0*2319 0*2630 

,, „ acids . 8*8600 6*5320 

„ insoluble 78*2910 87*1210 

Organic Matter 12*7340 6*3800 

From this it will be seen that only a very small 
per-centage of the entire mass of the soil is really of 
instant use to the plant, and that the maintenance 
of its fertility in the event of cropping depends 
directly upon the less easily soluble materials 
of the second group of substances in the table: 
The totally insoluble substances of the third group 
are not, however, absolutely useless as plant food, 
but may be looked upon as the reserve material for 
use in the distant future. 

There is yet another important matter to be 
determined respecting this clod of typical earth, 
and that is its chemical composition. A chemical 
analysis of a soil is sure to reveal whether or no 
it contains all the materials necessary for plant 
food, and whether any one or more of these 
materials exist in insufficient amounts. It also 
tells whether there are present in the soil sub- 
stances which might be injurious to the healthy 
growth of crops, and is, furthermore, a valuable 
aid to the f^mer in his selection of artificial 
manures. 

A good loamy soil was found, upon an analysis 
made by Flayfedr, to contain the following sub- 
stances in the proportions stated : — 
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Potadi .... 


In 100 parts. 
. 0*8 

6oda 



1*6 

Ammonia .... 



•0 

Lime 



1*28 

Magnesia .... 

■ 


M2 

Peroxide of Iron 



3*41 

Protoxide of Iron 



*0 

Protoxide of Magnesia 



•0 

Alumina .... 



3*58 

Phosphoric Acid . 



*38 

Sulphuric Acid . 



•09 

Carbonic Acid . 



•92 

Chlorine .... 



trace 

Soluble Silica 



*0 

Insoluble Silica in clay and i 

Band 


81*26 

Organic Matter . 



2*43 

Water or Loss 



3*23 


100*0 


From this table it will be seen that a good loam 
contains all the essential inorganic ingredients, the 
existence of which in a soil, as has been stated in a 
former paper (p. 252), is so necessary for the proper 
support of plants. The fertility of a soil, it may 
be here repeated, depends upon the presence of all 
these essential substances, and the absence of any 
one of them will produce a state of absolute barren- 
ness. Each of these essential materials, again, 
must be present in a soluble condition, and in 
sufficient abundance to supply the full needs of the 
particular crop to be sown. 

Further, all fertile soils possess the power of 
retaining soluble plant food, thus preventing the 
valuable constituents contained in the manure 
applied to it from being washed or drained away. 
This power is said to be largely due to the i^resence 
of certain important chemical compounds, called 
double silicates. The clay of the soil is an ordinary 
silicate — a silicate of alumina — and it seems that 
portions of this may, under certain circumstances, 
chemically combine with another base, say soda, 
and form a double silicate — a silicate of alumina 
and soda. But it has been shown by experiments 
that this soda may be displaced by lime, if a salt of 
that substance is allowed to be brought into con- 
tact with its double silicate, the result then being 
the formation of a double silicate of lime. For 
example, suppose a flower-pot is filled with earth 
containing the double silicate of soda, and water 
having the sulphate of lime in solution is gently 
poured upon it until it just begins to drip, and 
the drippings collected and- chemically tested, it 
will be found that the water now contains the 
sulphate of soda, the lime having been arrested in 
its passage through the soiL 
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The action may be represented thus : — 


(^oste of ( Silica 


Alumina 


Alumina 
and Soda. 


SulpHate fLime. 
of Lime. \ Sulphuric Acid 



Silica Silicate of 

. Alumina ... Alumina 
Lime ..... j and Lime. 


) 


Sulphate 
of Soda. 


SulphuricAcid { 

Here, by mutual exchange, the lime has taken^ 
the place of the soda in the silicate, and the soda 
the place of the lime in the sulphate. The lime, 
however, may be displaced in the same way by a 
salt of potash, and, finally, the 
potash may be removed from the 
silicate by ammonia or an am- 
moniacal salt ; in other words, it 
seems that a rarer or more valua- 
ble plant food constituent is able 
to displace a constituent of less 
use to the plant from a double 
silicate : for ammonia is of more 
value in this respect than potash, 
potash than lime, while soda is 
least valuable of all A soil, therefore, that con* 
tains any of these double silicates is able to hold 
all the most valuable fertilising matters that may 
be applied to it, and will only give them up when 
required by the plant. 

Another condition of fertility is that there should 
be a proper depth of loose, moderately fine earth, 
sufficiently open to allow an easy passage for water, 
and perfect freedom of air to and from the soil 
The presence of stones of moderate size is, to a 
limited extent, very desirable. To a light soil they 
give firmness, and render a heavy soil more open 
and fiiable. By radiation they tend, in summer, to 
keep the land cool, while at other times they are 
often extremely useful in protecting veiy young 
plants from the force of the wind. 

Ha^dng thus learned, from a lump of loamy 
•earth, the origin, physical properties, and chemical 
composition of a typical soil, together with its more 
important conditions of fertility, attention may 
now be well directed towards other kinds of earth, 
commonly met with in fields and garden-land. 

As has been before observed, the nature of the 
aoil in any one place will in most cases depend 
upon the kind of surface-rock occurring in the 
district As far as the sedimentary rocks are con- 
cerned, these occur, as they have been deposited, 
in a regular succession of layers, from the oldest to 
tlie most recent They are not, however, arranged 
in horizontal layers, each extending across the 
whole country, but are inclined at varying angles, 


their ends cropping up to the surf^ in regular 
succession, and spreading over areas varying very 
much in extent A traveller walking from London 
to Birmingham, for instance, would in his journey 
pass over the upturned edges of several very different 
kinds of strata, and he would notice the various 
distinct alterations in the character of the soil as 
he passed from one geological formation on to the 
next The distribution and comparative surface 
extent of the formations extending from London 
to Birmingham may, however, be better explained 



1.— Diagram s^io^ 
tions from Londou.to Bi 


the chief surface-forming Bock Forma- 
' rham. Scale, 28 miles to the inch. 


by means of an illustration. If nine cards be 
taken to represent the nine different formations 
occurring between these two places, and arranged 
so that only a certain extent of one end of each 
makes its appearance at the surface, the top card 
will represent the district of London, and the 
bottom one the vicinity of Birmingham. Placing 
the arranged cards on a table in their proper posi- 
tions (north-west by south-east), it will be seen that 
London stands on what I'epresents the more recently 
formed land, and that all the different strata dip,” 
or are inclined towards the south-east. Fig. 1 
shows the cards arranged in the way indicated. 
The soil on the London Clay is a brown or bluish- 
gray tenacious clay, very difficult and expensive to 
work, but yielding, under skilful cultivation, very 
good crops of wheat. The particles of all clays 
are in a very fine state of sub-division, and when 
moist, cohere rather strongly together ; hence clay 



A CLOD OF EARTH. 


347 


soils, when wet, are soft*, plastic, and easily moulded 
by the hand. Under foot, they are soft, slippeiy, 
and tenacious, in consequence of which walking is 
made a most fatiguing exercise. When dry, clay 
is hard and tough, and in the field very liable to 
crack into deep fissures during periods of drought. 

The chalk yields a light, thin, calcareous soil, 
very easy to work, and particularly well adapted 
for the growth of leguminous crops, such as clover, 
vetch, and sainfoin. A rich soil is formed where 
this formation rises from beneath the London Clay, 
and also where it joins the Gault, farther on. 
Indeed, the soil formed at the junction of any 
two formations is much more fertile than the soil 
occupying the surface of either of them. A bluish 
clay soil is found on the Gault, and a rather 
poor clayey soil, difficult to work, occurs over the 
next formation, the Oxford Clay. The Oolitic 
yields a very variable soil, often of good quality, 
but sometimes light and poor, and only suited for 
sheep pastures. Passing over the blue clays of the 
Lias, and coming to the New Red Sandstone 
formation, a rich, deeply-coloured, red soil is 
reached, and one generally very favourable to 
agricultural operations; then, after crossing the 
variable, but, on the whole, rather poor, soils of 
the Magnesian Limestone district, the fertile land 
of the Red Sandstone formation is again reached, 
which from here extends, as we see, to the suburbs 
of Biimingham. 

The geology, therefore, of a country determines 
in most cases not only the mechanical nature and 
surface extent of its soils, but their respective 
chemical compositions and productive powers as 
well. In some cases the natural barrenness of an 
unproductive soil may be more or less completely 
remedied. The cause of barremiess, however, in 
any particular case must be carefully ascertained, 
as this condition may arise from one or more of 
various causes. For instance, certain injurious 
compounds — such as salts of iron, sour acrid or- 
ganic matter, common salt, or other saline sub- 
stances — may be present in the soil, preventing 
vigorous growth, and producing^unhealthy condi- 
tions in plants. The subsoil only may contain the 
obnoxious matter, but still the plants are unable to 
live out a healthy life, and are too weak to with- 
stand the attacks of disease germs. By exposing 
the soil to the long and full rigour of winter 
weather, these substances may be altered into 
harmless compounds. The presence of stagnant 
water promotes the f(H*mation of injurious decom- 
position products, and also prevents that free 


supply of oxygen wliich is so necessary to all fertile 
soils. In soils, too, where no natural drainage 
exists, in addition to the prevention of proper 
ventilation, the land is apt to be kept too cold, 
owing to its loss of heat by evaporation. Unlest 
the soil has proper warmth, the herbage is prone 
to grow woody, or “wirey,” and non-nutritious. 
Again, a free mechanical condition of soil being 
necessary — not only for the downward passage of 
water, but also for roots as well — the existence of 
hard or tough layers (the plough-pans and lime- 
pans of the farmer, for example), preventing this 
freedom of passage, is sometimes a cause of 
barrenness. The only remedy in such a case is 
to break up the hardened accumulations, and 
expose the clods to the action of the air. But 
very often the sterility of a soil is due to the 
absence — or occurrence in too small an amount — 
of some one or more of the essential inorganic 
plant food constituents. 

Here is the result of an analysis of a barren 
sandy soil, which should be compared with the 


analysis given above of a fertile loam : 

— 

Silica and Sand . . . . , 

960 

Alumina 

0*60 

Oxide of Iron . . . . , 

2*0 

Limo 

001 

Magnesia 

trace 

Potash 

— 

Soda 

— 

Phosphoric Acid .... 

— 

Sulphuric Acid .... 

— 

Chlorine 

— 

Oxganic Matter .... 
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100-00 

Barrenness, again, may be due to exhaustion of 
the land, from the removal by growing crops of 
excessive quantities of available plant food, as has 
been shown in a previous paper (p. 254); but, as 

is also explained in that article, one 

never-failing 

remedy is the application of farm-yard 

manure. 

Proper and continuous cultivation may however. 


in most cases, restore renewed fertility to such 
soils as have become barren through exhaustion. 
As has been pointed out, the soil contains a com- 
paratively large amount of fertilising substances, 
soluble in acids, and these, by sufficient exposure 
to atmospheric agencies, may be slowly rendered 
available for plant use; it is therefore of the 
highest importance that all pieces or tracts of 
arable land should, when convenient, be hoed, dug, 
ploughed, or otherwise broken up in the autumn 
time, and left in all their roughness exposed 
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throughout the winter months to the action of the 
air, rain, and frost. Then, not only are many of the 
less soluble matters rendered more soluble, and 
jireviously fixed alkaline substances released, but 
the soil is thereby rendered more friable, and 
becomes mechanically better fitted to support 
plants by offering less resistance to roots in their 
search after suitable food. 

It has thus been seen that the solid rocks con- 
stituting the surface of the earth contain all the 


essential inorganic food materials of plants, securely 
retained by their mineralogical constituents in the 
closest chemical combination; that portions of 
these rocks, wherever exposed, must inevitably 
suffer decomposition from the slow, yet potent 
and never - ceasing actions of certain natural 
forces ; and that the accumulated products of such 
decay constitute the more or less fertile soil, from 
the ready soluble materials of which the growing 
plant derives its necessary food. 


THE MSE OF THE ORGANS OF SENSE. 

By F. Jeffrey Bell, M.A., 

Professor of Comparative Anatomy in King*8 College, London. 


T he title which we have selected for this essay 
will at once suggest to our readers that we 
mean to trace the organs of sense along the lines of 
the historical method of investigation, or, in other 
words, to examine into the present conditions of 
our own sensory organs by detailing the way by 
which they have become developed into what they 
are ; to use, in fine, the results of the modem process 
of the study of animal development. We must 
not, however, forget that “history repeats itself,’^ 
and we shall therefore use also the comparative 
method, in the trust that among some of the low- 
lier animals we may find some indications of the 
course of those processes which, in ourselves, have 
become more or less obscured. 

On a previous occasion (Vol. II., p. 309) 
we promised “to develop in greater detail the 
striking aphorism that ‘Touch is the mother of 
all the senses ; * ” that promise we shall now 
do our best to redeem. The truth thus ex- 
pressed can easily enough be put into another 
set of words, which will at once be seen to he 
only another method of expressing the same 
doctrine ; sensations and sense-organs are first of all 
associated with the most external portion of the body, 
like many other great truths, it is comprehensible 
when distinctly stated, but, like other truths, it is 
frequently obscured by secondary changes, which 
seem to affect it. The important sensory parts 
of our eyes or ears are far enough from the 
surface; the sensient brain and the conducting 
nerves and spinal cord of man are separated by 
wide tracts of tissues or firm cases of bone from 
that investing layer of skin which alone, with its 
oigans of touch, comes into direct contact with the 


outer world — with that world from which alone can 
we gather all the lessons which will enable us to 
walk “ surefootedly with such an organisation as 
we have acquired. 

If we take the simplest condition of the highest 
of living animals, or if we choose the adult con- 
dition of the very lowest, we find in both cases a 
more or less simple mass of a complex chemical 
substance, or collection of chemical substances, to 
which all naturalists now apply the term “ proto- 
plasm,’* a word already sufficiently familiar to the 
reader. Tlie first complication that arises in either 
case is essentially similar; if the little mass of 
protoplasm remains single (as in the common Amosba 
already described) the outer becomes more dense 
than the inner part ; if the single egg divides into 
several pieces, some soon get to be placed externally 
to the rest. In the one case you have an ectoaarc 
and an endosarc^ and in the other you have an 
epibhst and a hypohlaat; but in both cases you 
find that the part which is in contact with the 
outer world presents some considerable points of 
difference from that which is shielded from tlie 
direct influence of external agencies. 

This is the first step in what is technically known 
as the process of “ differentiation.** When you pro- 
ceed further you fimd that of the external layer a 
part becomes hardened, to act as a defensive organ 
for the enclosed cells ; other parts become modified 
in the direction of becoming more sensitive than 
the restb Certain cells become provided with deli- 
cate sensory processes, and remain on the surface 
of the body; or they do not get these projections 
at once, but first of all sink away from the sur&ce 
of the body, and become separated off fix>m it. 
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In onnelves, and in many other animals, this 
pirocess of separation takes place in the following 
way : the cells which lie along the middle line of 
the back thicken, and gradnally dip down so as to 



mQt Medullary Groove ; Epthlait ; kp, Hyiwlilaet. 

form a concavity when looked at from above (Fig. 
1) ; cells grow over this cavity, and the cavity itself 
becomes converted into a circlet of cells, surround- 
ing a small hole. And now we come to a most 
remarkable point: the lowlier forms of worms 



Fig. S.^Epithelinm of the Central Spinal Canal of Han. (After 
Strieker,) 

ce, Ciliated Epitl/clium. 

have the whole of the outer covering of their body 
provided with those delicate, hair-like projections 
from the cells which are universally known as 
cilia. The developing mammal or bird has no such 
processes on the outer surface of its body at any 
time of its life ; but in children, at any rate, the 
cells lining the walls of the hole just mentioned are 
always provided with these delicate cilia (Fig. 2), 
and give, as it were, a kind of far-away echo of an 
earlier and simpler life. The cells, which thus 
grow in, come in time to form the spinal cord of 
the higher animal, and those in the more anterior 
portion form the rudiments of that large mass of 
nervous matter which is known to us as the brain. 
As these cells have been pushed in from without, 
and have then so grown as to form a complete 
circle, it is obvious that the cells which were primi- 
tively the more are now the less external, or that, 
in other words, the relations of two layers of cells 
have become completely reversed. Tl^ is, as we 
shall soon see, a point which must especially be 
borne in mind. 


What has been briefly detailed will be sufficient 
to bring before the reader the great and important 
truth that the brain and the spinal cord are parts 
which, in the course of development, make their 
way from without inwards ; that a skull and a 
vertebral column are, later on, developed for their 
protection does indeed complicate the history, but 
we must not allow it to obscure this salient and 
instructive fact 

When we compare the history of a complex form 
with the adult conditions of one that is very much 
simpler, we find ample evidence to sui>port us in 
the position which we ought now to occupy. We 
all know that we have only to examine a starfish 
on its lower or white side to be able, the moment 
that we push aside the sucking-feet wliich occupy 
the groove of every ahii, to find the nerve-coi’d 
which runs along every ray. To this attention has 
been before directed when the starfish itself was 
under examination (Vol. III., p. 301). But what 
is true of the starfish is to some extent true also of 
its ally, the sea-urchin, in which delicate nerve-fibres 
are to be detected on the o?/fer side of its firm and 
apparently closed “ test ” or shell. J ust as striking 
examples are to be cited from among the lower 
groups of the “wonns.’^ A comparatively new 
fonn, discovered by its describer near Messina, is 
said to have its central nervous mass ‘‘merely 
indicated as a thickening of the integument,'^ and 
“ the epidermis, the i>ervous system, and the 
sensory organs stand in closer relations to one 
another than they do in the more differentiated 
forms." What is true of this Protodrihis of Dr. 
Hatschek is just as true of the simpler Nemertean 
worms described by Hubrecht, where the nerve- 
trunks and the bmin lie quite close to the surface 
of the body, and in which there is an investment, 
as it were, of nerve-fibres for the whole of the body. 
In no group, however, are more convincing demon- 
strations of the intimate connection of the investing 
and nervous layers to be found than in that which 
includes such comparatively lowly forms as the 
jellyfish and the sea-anemone; various observers, 
and notably among them the brothers Hertwig, 
whose industry must be a by-word even among 
German natuiulists, have, by this time, repeatedly 
shown that the nerve-cells and the nerve-fibres lie 
just below the outer covering of the body, and that 
they still retain the very closest connection with it. 

The simplest form of all the group just men- 
tioned is the common fresh-water Hydra^ the chief 
characters of which will be known to every reader 
of these pages j most, too, will doubtless have heai d 
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of t^ose special cells to which, some ten years a^, 
their discoverer, Dr. Eleindnberg, gave the name 
of nmro-mv^mla/r cells. Much discussion has arisen 
around these bodies. Professor Jeffery Parker 
writes of them thus: — “The simplest and most 
reasonable way of looking at these structures is 
that adopted by Dr. Michael Foster, and illustrated 
in the diagram at the beginning of the third 
chapter of his ‘Text-book of Physiology,^ These 
show clearly enough that the ectoderm cell of 
Hydra, with its muscular process, is the equivalent 
of what, in the higher animals, becomes sensory- 
cell, sensory-nerve, nerve-cell, motor-nerve, and 
muscle-cell. So that a fairly logical term might be 
made by speaking of epithelio-neuro-muscle cell; 
but, fortunately, it is unnecessary to employ any 
such cumbersome term, and quite sufficient to speak 
of ectoderm cell with contractile process, 

We cannot pass from this interesting and 
instructive group without saying a few words, by 
way of reminder, on the results of the remarkable 
experiments, already referred to,t which Mr. 
Romanes has instituted on living jelly-fishes. 
Not only are these Meduace excellent subjects 
for physiological investigations into the charac- 
ters of the nervous system, but they present in 
many points a very striking agreement with the 
higher animals. For our present especial purpose 
it is verj^ important to know that, if the margin of 
the “ bell ” of a jellyfish be cut away, the active 
movements which up to that time the animal has 
been exhibiting completely cease. Most of us 
know that the common form Aurelia is provided 
at eight equidistant points of its “bell,'" or disc, 
with special structures, which are spoken of as the 
marginal bodies. If these be removed, all spon- 
taneous movement on the part of the animal comes 
to an end. At the same time, it is to be noted 
that in this very lowly form all the tissue just 
underlying the lower surface of the umbrella, or 
“ bell,” exhibits the most remarkable physiological 
property of nervous substance — ^that, namely, of 
“conducting stimuli to a distance.” Put into the 
kind of language we have already used, we find 
that near the very bottom of the animal kingdom 
there is no nervous tissue distinctly differentiated ; 
or, in simpler terms, nerve-fibres are not yet to be 
clearly distinguished from their suiTounding parts. 

This, which is true of Hydra, is not to be taken 
as meaning that some quite distinct indications of 
nervous structures have not been made out in the 

* “ Proceedings of the Boyal Society,” 1880, p. 62. 
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jellyfishes, but only that a system of conducting 
fibres, similar to what is seen in ourselves, is very 
feir from being developed at the other end of the 
animal series. We should, indeed, be ungrateful 
to such distinguished students of microscopic ar- 
rangements as the brothers Hertwig and others, if 
we did not remember what they have done in 
finding distinct nervous tissues in the Medusm. 

For the purposes of easy classification, we may 
speak of these forms as being “covered-eyed” or 
“ naked-eyed,” and it is necessary to distinguish 
them, for there are some important points of 
difference. In the former a veil runs all round the 
disc, and along the line of its insertion there are to 
be found two bands of tissue, in close connection 
with the external epithelium, and never, even in 
the most complex cases, separated from it. In the 
epithelial layer itself, and connected by processes 
with the nerve-ring, we find a numl>er of sense- 
cells, which have a delicate sensory process pro- 
jecting freely from them to the exterior. In the 
naked-eyed forms there is no such ring of nervous 
matter (and there is, as a rule, no velum), but the 
epithelium becomes at eight points enlarged and 
swollen, to form those special nerve-cells to which 
we usually apply the term of ganglia. Again, it is 
to be noticed that the connection with the outer or 
investing layer of the body is most intimate. 

It is to be hoped that we have now accumulated 
sufficient evidence as to the close connection which 
exists between the general nervous system, whether 
in the young of highly-organised or the adult of 
more lowly forms, and the general covering of the 
body, and that we may now pass to a study of 
the different sets of sense-organs. Here we purpose 
to deal in detail with the eye and with the ear ; 
but the nose, and the organs of taste and touch, 
will doubtless afford some instructive examples of 
the truth of the aphorism with which we started. 

First, then, we will take the history of the 
development of the eye of one of the higher verte- 
brates, such as man himself. This complex organ 
consists, as most of us know, of two sets of parts — 
one, such as the cornea and the lens, are thicken- 
ings of the outer layer; the essentially sentient 
part is, in the vertebrata, an outgrowth from 
wUhin. It may seem somewhat extraordinary to 
put into italics a statement which, at first, can 
hardly seem to be anything else than a most con- 
vincing proof of the erroneousness of the doctrine 
with which we started ; our imders must, never- 
theless, give us the credit, on this occasion at any 
rate, of knowing what we are about; The study 
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of this outgrowth from within is probably the most 
convincing proof that can be given of the value of 
studying the development of an animal through all 
its stages. 

It will be remembered that at the commence- 
ment of this essay we directed attention to the 
way in which the spinal cord and brain of the 
back-boned animals were developed, and we showed 
that a thickening from without grew inwards, 



A > B ^ 0 

Fig 8.— Development of the Eye of the Chick. (After Quain and 
Sharpey.) 

e. Cornea- 1, Lena; r. Retina; on. Optic Vealole; oe, Optic Cup. 

formed a circlet of cells, and became separated 
from the outermost layers of the body. Well, in 
the brain or anterior region of this ingrown group 
of cells, there appears a swelling, which pushes its 
way outwards till it comes in contact with the 
external epithelium. This swelling, or optic 
vesicle, is distinguished as ov in a of Fig. 3. This 
outgrowth from the brain is, then, really a develop- 
ment of a set of cells which owe their origin to the 
epiblast, or outermost layer of the developing 
embryo. Once again we beg attention to the 
fact that the cells have been turned inside out. 
Fig. 3, A, shows very well the gradual thickening 
of the epiblast to give rise to the cornea, c, and the 
lens, 1. As the lens grows in size it pushes backward' 
the outer wall of the optic vesicle, itself becomes 
separated from the cornea, and comes to lie in the 
cavity of the optic cup ; the walls of the cup or 
vesicle, grow closer and closer together, and the cells 
which form it become converted into the rethiaj 
which is in connection with the brain by means of 
what is really the stalk of the vesicle, but which, 
in the adult, becomes the oj)tic nerve. Enough 
has been said to show how the constituent parts of 
the human eye become developec^ and to explain 
Uieir relations to one another ; it is needless, in the 
concluding pages of this work, to recall to our 
readers the structure of the adult human eye. 

Those who remember the details of the micro- 
scopic structure of this eye, need not be reminded 
that if we make a horizontal or equatorial section 
through it, the structures which lie farthest from 
the light or from the cornea are the ^*ix>ds and 
cones,” or the truly sensory parts of the eye. 


(Vol. III., p. 116.) This is not the ordinary case 
in any one of the invertebrata, as they are often 
called. If we take a crayfish, we find the rods 
just underlying the comeal thickenings. If we 
examine the curiously elaborate eye of a cuttlefish, 
we find a kind of vitreous chamber, and closest to 
it we find the perceptive portion of the optic appa- 
ratus. Some of the marine worms, again, have very 
complex eyes, but here, just as in the cuttlefish, the 
sensory parts, or layer of rods, are found nearer the 
light than the layer of pigment; in other words, 
the relation of parts in the eye of an invertebrate 
is exactly the opposite to what it is in that of 
a vertebrate. We need hardly explain how this 
has happened, for twice already have we had occa- 
sion to refer to the turning inside out of the cells 
which occurs in the development of the vertebrate 
spinal cord, and we have just shown that the 
retinal part of the eye is developed as an outgrowth 
from the anterior part of that body. The other 
side of the truth which we may leam still remains 
to be definitely expressed in words : the arrange- 
ment of parts which is seen in the animals without 
back-bones is due to the fact that their sensory 
organs owe their origin directly to thickenings of 
the investing cells, or cells of the epiblast. 

When we pass to the other end of the animal 
series, we find, just as we did when we were 
dealing with the general nervous system, that the 
eye of the adult jellyfish bears a close resemblance 
to an early stage in the developmental history of 
the higher fomis. The eyes of the “eyed” 
Medusae consist either simply of special areas of 
sensory cells in the epithelium, which are surrounded 
by a layer of pigment, or, in the more complex, of 
these and of an additional body, in the shape of a 
lens, which is formed from a thickening of the 
outer cuticla It will be better to refrain from 
entering into any detailed account of the eyes of 
the lowlier “ worms,” and to one point only will 
we here direct attention~the association of the 
eye with spots of pigment. This is so far of signi- 
ficance, as it satisfiei^ us as to the close connection 
with the outer world that the sensory, like the 
colour-containing cells, must have had. 

But we may remind the reader that the “ vermes ” 
give ample evidence of the fact that eyes are parts 
that owe their origin to the infiuences of the outer 
world. We have only to reflect that they may, as 
in PolyophthalmuSj be developed on every one 
segment of the body ; and that in others, as in the 
case of the burrowing earth-woi*m, they may be 
altogether absent. Light, then, acting on some of 



852 


SCIENCE FOR ALL. 


the cells of the outer layer of the body, has pro- 
duced in them a certain set of changes, which have 
not only become inherited, but have gradually 
given rise to highly complex pieces of refractive 
apparatus, accommodating muscles, accessory fluids, 
and a sensory organ so elaborate in its minute 
details as to require the most ingenious methods 
of research, and very high powers of the micro- 
scope for their complete elucidation. 

The ear, no less than the eye, will be found to 
present us with very striking illustrations of the 
law on which we are now insisting so much. As 
before, we will commence with a history of the 
development of the complexly arranged and 
deeply situated ear of the higher vertebrata. 

It will be remembered (Vol. IV., p. 235) that 
this organ consists of an outer passage, a middle, 
and an inner ear, and that the last of these, which 
is alone the sensory portion, contains a so-called 
labyrinth, and that the labyrinth itself is mem- 
branous, and is contained within an osseous 
labyrinth.” Between these two there is a fluid 
known as the perilymph^ and within the inner a 
fluid — known as the endolymph — is again to be 
found. Three semicircular canals, and a portion 
which is coiled on itself, like a snaiVs shell, and is 
known as the cochlea^ form the more important 
parts of the inner ear. On the walls of both parts 
of the membranous labyrinth we find B})ecial sensory 
cells, which are supplied by branches of the auditory 
nerve. This auditoiy nerve arises directly from the 
hinder portion of the brain. So that for the ear, 
iust as for the eye, the nervous supply is in imme- 
diate relation to the central organ of sensation. 

Oomplicated as the arrangements are, it still 
remains true that the ear commences as an in- 
growth of cells from the outer layer of the body. 
Very early in life we may find, just behind those 
three enlargements of the central nervous cord 
which are the first indications of the future brain, 
a shallow, wide pit which grows down into the 
intermediate or middle tissue of the embryo. The 
old history is repeated : the pit rapidly narrows at 
its mouth, moves away from the surface of the 
body, and forms a more or less i>ear>Bhai)ed and 
closed sac — ^the so-called otic vesicle. In this there 
appear seveml swellings or enlargements. One of 
these gradually gets coiled on itself to foim the 
cochlea, while others give rise to the three semi- 
circular canals. The surrounding parts are 
fashioned out of the intermediate tissue into which 
the otic vesicle has forced its way ; but the sensory 
cells, or the epithelial layer of the membranous 


labyrinth, to which are sent the branches of the 
auditory nerve, are always the direct descendants 
of those cells which primarily lay on the sui*face of 
the body, which then formed the floor of the pit, 
and, later on, the walls of the simple otic vesicle. 

A very considerable difference between the eye 
and the ear remains to be pointed out. No part of 
the ear owes its origin to a secondary outgrowth 
from the brain ; all the sensoiy parts are direct 
results of the first invagination, none are secon- 
darily epiblastic in the sense in which the cells of 
the retina are so. While, then; we have in the ear a 
simpler stoiy of development than we can tell of 
the eye, a difficulty is presented to us in another 
direction, and that is, how do the brain and the ear 
become connected! In the case of the eye the stalk 
of the optic vesicle forms the optic nerve, in the 
case of the ear the auditory nerve is develo]>ed 
out of the intermediate tissue. Further into this 
difficult question we cannot here enter, but it is 
obvious that we are now on the threshold of one ot 
the most obscure of pix)blems, and that is the means 
by which the sensory parts on the surface of the 
body have come into connection with one another 
and with the central nervous mass. 

When we come to study the less highly organised 
vertebrata, we find a number of lowlier stages per- 
manently represented in the adult ear. So far as 
we know, the lancelet {Ampliwxu^i) is without an 
especial auditory organ at all, the hag {Myxine) 
has but one, the lampreys (Petromyzon) have only 
two semicircular canals, though three are always 
found in all the rest of the vertebrata. In the 
lampreys and hags, as Dr. Gunther tells us, “ the 
labyrinth is enclosed in externally visible cartila- 
ginous capsules laterally attached to the skull in 
the dog-fish (Vol. IV., p. 181, Fig. 4) three pro- 
minences, corresponding to the three semicircular 
canals, can be made out on the surface of the skull, 
and careful examination will reveal the fact that 
there is, even in the adult, a small opening, the still 
persistent primitive orifice of the auditory saa A 
comparative study of the cochlea tells us again the 
same tale ; it is in mammals only that it is com- 
pletely coUed on itself, and even in the lowest of 
them we only find the end bent up. A similar 
arrangement to that of these mammals (of the 
Water Mole and Porcupine Ant-eater order) is 
found in birds and in reptiles ; in the fregs it is 
only an enlargement, and in fishes the enlargement 
is still less distinct. 

If with a bound we pass to the other end of 
tlie> series, we find the very simplest of auditoiy 
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organs in some of the Medusae. Along the line of 
attachment of the “veil” to the disc we find a 
series of pits, the orifices of which are directed 
downwards. The cells on the convex surface of 
these bodies are provided by the epithelium of the 
upper face of the “ veil,” and these cells have thick 
walls and contain fluid. The lower face of the 
velum gives rise in some of its cells to minute hard 
bodies, and along the inner edge of each pit we find 
sense-cells provided with stifi* auditory hairs, and 
continuous with the nerve ring which runs round 
the disc. . Here then we find, in its simj^lest expres- 
sion, all the essential parts of an auditory organ : 
fluid, calcareous bodies, auditory hairs, sensory 
cells, nerve connections. Within the limits of this 
gi’oup we find several stages of “ differentiation.” 
The first is that the pit is in many closed, and 
converted into a vesicle. In others the marginal 
vesicle becomes stalked, the canal in the stalk gives 
rise to a swelling (ampulla), and on the side of this 
ampulla there is a vesicle which again is found to 
contain crystals or “ otoliths.” 

Even in so complex a form as the crayfish the 
auditory sac is still open to the exterior, and so 
distinctly enough proclaims its origin from a simple 
wide pit. Of the mollusca it need only be said, 
in the words of Gegenbaur, that “ we have a per- 
manent proof that the otocyst is dev(doped from 
the ectoileim in the Cephalopoda in the presence of 
a fine canal, which, in many of them, leads from 
the auditory vesicles to the suHace of the body.” 

The tliree other sets of sensory organs shall not 
detain ns long. The tactile and gustatory senses 
are, of course, situated in the epidermis or epithe- 
lium ; the nose is at first an open pit, and it never 
becomes shut off from the outer air. Something 
as to the comparative anatomy of the nasal canal 
was said on a previous occasion (Yol. lY, p. 183), 
when we pointed out the superficial position of the 
nasal groove in the dogfish, and gave a figure to 
compare the permanent condition of that animal 
with the temporary arrangements which are found 
in the chick (loc. cit. Figs. 7 and 8). A factor of very 
considerable importance in the development of this 
organ of sense must not be passed over ; there can 
be no doubt that between smelling and breathing 
there is the very closest connection, and tliere is 
much to lead us to believe that the organ of the 
sense of smell is closely connected with that of 
respiration. It will be within the knowledge of 
all of our readers that there are, even in the 
highest of back-boned animals, very distinct signs of 
their original possession of a number of gill-slits , and 
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some evidence has been accumulated in favour of 
the doctrine that the vertebrate smelling organ owes 
its foim to the fact that it was derived from such a 
gill-slit. It is well known that the special olfactory 
or smelling cells are situated on a folded Schneiderian 
membrane. These folds in the dogfish are, as 
Dr. Marshall has pointed out, very similar in form 
to “ the series of folds which, arising from the sides 
of the visceral clefts, form the rudiments of the 
gills,” and it is curious to observe how completely 
the two sets of paints resemble one another in struc- 
ture, and in the characters of their nerve-supply. 
Whether these results shall be shown to be correct 
or not, the relation of breathing to smell affords us 
only another example of how sensory organs owe 
their origin to the action of influences acting on 
parts exposed to the outer world. Did space admit 
we might have drawn somewhat similar conclusions 
from the study of the mollusca ; here we can only 
say that in animals in which tliere are no special 
respiratory organs no indications have as yet been 
observed of the presence of any special organ of sintdl. 

We have already in earlier pages dealt with the 
organs of touch and taste, and it now only remains 
for us to see what lessons can be learnt about tlami 
by an examination of some of the lowest animals. 
In Eucharu, a form allied to the jelly-fishes, we 
find tactile proctisses, the free ends of which are 
beset with special cells. Provided with a delicate 
covering and filled with granular contents, they are 
separated from one another by tufts of proj(‘ct- 
iiig setse ; they surround and cover the so-calUnl 
“tactile wart,” the substance of which is cliiefiy 
gelatinous tissue, which is traversed by a nundx'r 
of what seem to be nerve-fibres. In the common 
sea-anemones, the brothers Hertwig, to whom re- 
ference has already been more than once made, find 
in the tentacles and around the mouth extremely 
fine filamentous sensory cells, which are distinctly 
a part of the ectoderm. These are provided with 
one or two processes, of which when one only is 
present it is directed outwards, and of which when 
two are present one passes inwards. I'lieir inner 
ends are more delicate than their central portions, 
and these processes unite one with another, and are 
directly connected with an internal mesh work of 
neiwe-fibres. The most imi)ortant point to notice is 
that these cells lie directly on the surface. So, again, 
delicate sensory cells — palpocUs ^' — are found on 
the tentacles of the common Hydra, but they are 
structures which are probably familiar to most of 
the readers of this work (Yol. lY., p. 156); and the 
extreme sensitiveness of these delicate projections 
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must have often been demonstrated to every one 
of us. Had we sufficient space and time we might 
draw on numerous observers and observations for 
further illustrations, but enough has now been said 
to show that the investing layers of the body are 
in all but rare instances the seat of special organs 
of sense; and even where, as in the lobster, the body 
becomes covered by a hard carapace, or as in the 
oyster by a solid shell, the tentacular prolongations 
or the antennse are especially the seat of a high 
sensibility. 

We cannot, however, leave this subject without 
a short reference to the problem of the presence of 
a nervous system, as distinguished from, but as 
communicating with, the organs of sense. We have 
already spoken of the physiological properties of 
the tissue just underlying the lower surface of the 
lunbrella of a Medusa, and have pointed out that 
it seemed to have a generalised nervous proj^erty. 
The students of the minute anatomy of these crea- 
tures have discovered nerve-fibres in this region, 
though the disposition of such fibres is, as it seems, 
by no means regular. In the allied Beroe similar 
observations have been made, and it has been found 
that the cells of the central nervous system are not 
collected together, but are distributed over the 
whole of the body ; now only it remains to note 
that these cells are often in close connection with 
the external epithelium. We have just spoken of 


the processes which in the sea-anemone pass from 
the sensory cells to the subjacent nervous layer, 
which is scattered over the body, but which, though 
so scattered, is from a histological point of view, a 
good deal confined, for it still forms a part of the 
ectoderm. This nervous layer does not consist of 
fibres only, it contains also nerve-cells (ganglion- 
cells), which, from what we have now learnt as to 
the way in which cells make their way from with- 
out inwards, we can hardly believe to be anything 
more than immigrated sense-cells. 

If this shall be shown to be a correct view of the 
known facts, it will do much to relieve the diffi- 
culties raised by a study of the development of 
such an organ as the human ear ; it will afford a 
convincing proof of the truth of the aphorism with 
which we started ; and it may, if we choose to carry 
it further, be found to be pregnant with wide and 
deep lessons as to the action of external nature on 
man and on animals. Much that now may vex 
our sensibilities, or offend our feelings, may be 
seen to have its rise in that general arrangement 
which brings sensation and the outer world into 
so intimate a contact ; and, on the other hand, it 
may inspire us to fresh activities, and, knowing 
that now our brain itself is never, except through 
the senses, afiected by the outer world, we may 
struggle to make that world more bright and 
cheerful, more healthy, and more refined. 


SCIENTIFIC DECEPTIONS. 

By William Ackroyd, F.I.C., etc. 


D eception by means of scientific experiment 
now serves only the two ends of instruction 
and amusement. The person who places one hand 
in hot water and the other in cold, and then, 
after a little while, dips both in the same basin 
of lukewaim water alternately, finds that the luke- 
warm water appears cold to the warmed hand and 
hot to the cooled hand. He is entirely deceived in 
his estimation of the temperature, but profits by 
the lesson thus learnt of the fallibility of one of his 
senses. So it is wherever there is deception of 
this kind, a useful lesson is taught, and as we shall 
presently show in some instances, much amuse- 
ment may likewise be derived therefrom. In early 
times, however, deception by means of scientific 
experiment served only one puri)Ose; it was a 


powerful instmment employed to awe the people 
by their rulers, and to this end, prince, priest and 
sage were leagued together to impose on the masses, 
who at times could not be impressed unless by 
some appeal to what they, in their ignorance, con- 
sidered to be supernatural. In some of the ancient 
temples, votaries were occasionally treated to a sight 
of the gods, probably raised by optical means, and 
the oracular responses and weird-like voices which 
they likewise heard, were due, without doubt, to 
scientific contrivances. The means they employed 
would seldom deceive people now, accustomed 
as they are to the optical and acoustical wonders 
of the present century, but in a harmless way one 
may still practise devices, which throw the judg- 
ment entirely at fault, no matter how educated one 



SCIENTIFIC DECEPTIONS. 


may be. The uninformed may be readily deceived 
on matters of obsei’vation alone where others would 
Buffer no deception at all, as will be apparent in 
the following example. 

It is easy to see that the juggler who keeps three 
or four balls tossing up in the air manages the feat 
through his quickness of eye and dexterity of hand. 
The trick, however, becomes inexplicable to some 
when performed by an acrobat standing on the back 
of a horse swiftly running round the arena of a 
circus. Why do not the balls fall behind the per- 
former ] And this entertainer of the general public 
would, in all probability, be unable to assign the 
correct reason although perfectly familiar with the 
truth of the fact. It is the same difficulty which 
leads a landsman to declare that if a weight were 
allowed to fall from the top of the mizzen-mast 
when a ship is in full motion, it would drop into 
the sea. When told that such a falling weight 
would land at the foot of the mast, he is incredulous 
until some sailor begins to relate his experience of 
how a marling-spike, a grease-can, or soiiu^ other 
body, having been slipped from aloft by a clumsy 
ship-mate, fell, much to his alarm, close to where 
he was standing, at a point directly underneath, 
although the vessel was at full speed. He cannot 
perceive that such ought to be the case until he has 
learnt the first law of motion in mechanics, viz. : 
that every substance, if at rest, will remain at rest 
for ever, or, if in motion, will move on for ever in 
a straight line, unless some force being ‘applied to it 
disturbs its state of rest, or alters or stops its 
motion in a straight path. The balls which the 
juggler lias in his hands while his steed is careering 
round, and the weight at the top of the mast of the 
progressing vessel, possess respectively the same 
motion as that of the horse and that of the ship. 
And if, so far as they are individually concerned, 
there were no force like gravity pulling them earth- 
wards upon removing their means of support, they 
would go on until the resistance of the air stopped 
them, and if there were no obstacle at all to oppose 
their progress they would move on for ever in 
straight paths. 

To come to more decided cases of deception we 
may first consider some of the phenomena of sight, 
some of the illusions of which have already been 
noticed (Vol. I., p. 164). We know that a branch 
of a tree, or a telegraph pole, when viewed with 
the full moon behind appears indented, which 
arises from irradiation ; that a single object 
whose images happen to be cast upon unsympathetic 
• ‘‘Science for Vol. I., p. 168. 
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parts or areas of the two retinee which do not 
correspond, appears double, t and that coloured 
spectral images are seen when the eyes have become 
fatigued for particular colours. In the study of 
optical phenomena, one comes across many cases 
of deception like these, which would lead the un- 
initiated to declai’e that they siiw something more 
or different from what really exists. With a single 
eye even one may see an object apparently double 
by the following simple device. Make two pin- 
holes in a piece of card-board at a distance from each 
other less than the diameter of the pupil, and Jiold 
a small object, like the head of a pin, not far from 
the eye, and view it through the two pin-holes. 
Two images of the head of the pin are seen, and as 
there is only one pin-head, the phenomenon at first 
sight appears rather anomalous. It is apparent, 
however, that the rays of light reflected from the 
pin-head through the holes into the eye are split 
into two minute pencils which are cast on to the 
retina to j)roduce two separate images. The decep- 
tion is therefore caused by the two pin-holes in the 
card-board. 

The advertising genius racking his brain for 
some device for taking the eye and retaining the 
attention has occasionally hit on ways which are 
interesting from our present point of view, A 
harmless deception, which he often practises, is to 
have a lai’ge poster, the words of which are inter- 
spersed with others of much larger type, and which 
are of course easily read at a distance, while the 
words represented by the small type are indistinct. 
The words with largo letters have been so chosen 
that when read they form a sensational amiounce- 
ment. Thus you may read that there is “ £500 
REWARD OFFERED FOR THE CAPTURE 
OF A POISONER,” and upon going close uj) to 
the bill to learn full particulars, find that it is only 
a pill vendor^s advertisement ; or you may read at 
a distance that “A BLACK MAN MAY BE 
MADE WHITE FOR NOTHING,^* and find 
upon a nearer approach that it is simply an 
announcement of the advantages to be derived from 
the use of somebody^s blacking. This is a sample 
of the style of thing we are describing ; — 

Mr. A. has the honour TO announce that he has just 
received a fine assortment of articles from the Metropolis, 
AXiL of the best quality. The firms from WHOM they 
were bought are famous for the durability of their goods, 
and IT need hardly be said that our customers MAY feel 
no CONCERN on this head as the wear of their last 
purchases will have fully proved their trustworthiness, 
t “Science for All.” Vol. III., p. 195. 
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This aimouncement, seen from a distance, wonld ^ 
appear to read “TO ALL WHOM IT MAY 
CONCERN,” while upon closer inspection it would 
at once be observed that it was only a draper’s 
advertisement. The ease with which a person sees 
a thing depends of course upon its size and distance. 
A particular letter, for example, has to cover a cer- 
tain area of each retina, in order that it may be 
distinctly discerned. And as the image of any 
^ven thing becomes less and less in a definite ratio, 
the farther the observing eye is away from it, 
there plainly is a limiting distance at which any 
particular size of type can be distinctly made out. 
Upon approaching one of the bills we have been 
describing, the limiting distance of the large type 
is first reached, and that of the smaller type not 
until the observer has got very much nearer to the 
bill. 

Marriotte’s experiment* which illustrates the 
fatigue of the eye upon gazing at bright colours, and 
the subsequent production of complementaiy spectral 
images, has likewise been employed in a slightly 
modified form for advertising purposes. Tlius you 
are requested to look at the name of the advertiser 
in white letters on a red ground for a minute, and 
then to transfer the gaze to a blank white space. 
This white space now appears of a bluish green 
tint, and the name appeal’s on it in red characters. 
If a small square hole.be cut into a red wafer, and 
then this be pasted on to a sheet of white paper, we 
shall find on repeating the foregoing experiment that 
the s]>ectral image obtained after transferring the 
gaze from the red wafer, with its central white 
square, to a sheet of white paper, is a patch of bluish 
green with a square of red in it corresponding to 
the squai'e of white in the wafer. Hence, when a 
bright-coloured image is cast upon the retina it is 
surrounded by a complementary fringe, and there- 
fore when the gaze is transferred to a sheet of 
white paper, one sees, instead of the complementary 
fringe of which the eye has become tired, a fringe 
of the original colour which was stared at. 

Next to the eye, not one of the five senses is so 
easily deceived as the ear, and this is the more 
remarkable, seeing that it is the organ most used 
by us from the early days of childhood, when com- 
fort is derived from a nurse’s lullaby, to the days 
of hoary old age, when our main pleasure is in the 
social gossip of our friends. In fairness, however, 
to the ear, we must say that one kind of mistake 
any one may make arises from no defect of the 
auditory organ, but from a physical peculiarity 
* “ Science for All/’ Vol. V., p. 10. 


attending the transmission of sound under certain 
circumstances. A single echo may be produced in 
such a way that one has a diflSculty in saying whence 
the sound has come. You are standing, let us say, 
not far from the side of a large building, listening 
to the strains of a military band some distance ofiT. 
The sound seems to come from the side of the 
building, and you look in that direction for the 
origin of the music when probably you ought to 
have looked in another direction altogether. TJie 
ear here makes no mistake, for the deception is 
caused by the reflection of sound from the side of 
the building, and is perfectly analogous to a simple 
case of reflection of light from a minor. If you 
look into a mirror with a candle on one side of it, 
an image of the candle is seen, which appears to be 
beyond the minor, and one totally unacquainted 
with the peculiarities of reflected light would 
imagine the image beyond the mirror to be the 
source of light, until by observation and reasoning 
he liad found out that the candle in front of it was 
the real source of the rays. So likewise in this 
case of the reflection of sound, the building acts 
like a mirror in reflecting the notes, and knowing 
as we do that so miich of the aerial disturbance as 
reaches the ear has travelled in a straight line, we 
look in the direction of the building for the 
musicians, until the accompanying and steadier 
strains, coming direct from the band, lead us to 
look in the proper direction. A mistake of this 
sort, however, may arise from a totally different 
cause, namely, tin? inability of our ears to tell the 
direction in which a sound comes to us, when that 
sound has been produced in a particular position 
with regard to the two ears. I remember a 
curious case in point which happened in a place 
of worship. It was a lovely morning in May, and 
the light streaming through the tinted windows 
lent an extra charm to the interior of a nicely- 
decorated and quiet country church. The assembled 
congregation had commenced singing the 2^e Deum 
when the harmony was harshly broken in upon by 
a voice near to me, keeping neither time nor tune, 
and marring entirely the pleasurable effects of the 
music. At last the annoyance became so distressing 
that I began to speculate as to who might be the 
unfortunate possessor of ears so deficient in tune, 
and of such a laggardliness, both in the singing and 
responses, as to be always behind the rest of the con- 
gregation. Without moving my head, it appeared to 
me that the unfortunate singer was somewhere about 
a couple of pews behind. The Te Deum was finished, 
but when we came to the Jubilate there was a 
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recurrence of the annoyance, so turning round to 
see whence the noise came, I suddenly became con> 
scious that the unwelcome voice was not behind, 
but in front of me, and that the sounds emanated 
from an old lady in the very next pew, who 
had taken up a position just opposite ma It 
Appeared highly improbable that reflection of the 
sound had anything to do with the phenomenon 




Fig, 1.— The Clicking Pennies. 


here. And the solution is probably to be found 
in the following experiment due to Professor Crum 
Brown, and which may be very readily repeated. 

Blindfold a person, and then make a clicking 
noise in various positions around his head. This 
may be readily done by taking a couple of pennies, 
and inserting a finger between them, while with the 
thumb and finger of the other hand they are pressed 
together (Fig. 1). Every time the finger is with- 
d^wn the pennies come together, and make a 
clicking noise. The blindfolded person cannot 
always tell whence the clicking noise comes. He 
is geiieially deceived when the pennies are in par- 
ticular positions, and if the performer knows which 
are these positions, he can ask whence the sound 
proceeds upon making the clicking noise, and show, 
for the amusement of all present, that his friend is 
wofully deceived. Imagine a plane to cut througli 
the chin, nose, and crown of the head so as to separate 
it into two symmetrical halves (Fig. 2). This 
plane is the Tnedial plane^ and all sounds produced 
in the medial plane are apt to deceive. If the 
sound be made behind the blindfolded person he 
may think it is produced in front of him ; and if 
the sound emanate from a point in front it may 
appear to be produced behind him. On either side 
of the medial plane the blindfolded person has not 
much diflSculty in saying where the sound is pro- 
duced. 

In judging of the distance of a sounding body, 
wo depend upon the intensity of the sound, taking 
as our standard for comparison, the sound we know 
the same body to produce when nearer to us. Thus 
when a horn is sounded, the blast we hear is far 
different from the faint reverberations which are 
reflected from distant hills, and of whose distance 
we gain some idea by the faintness of the sound 


coming from them. It will be perceived, therefore, 
that in the matter of distance the ear may readily 
be deceived, and the impression of a fuil band 
at a distance will be conveyed to the mind by a 
hidden orchestra very near us, playing softly. 
Ventriloquism is nothing more or less than the art of 
deceiving, by imitating as closely as possible, every 
variety of sound as it reaches the ear, i.c., regulating 
the different intensities so as to produce the idea 
of distance as well as of individuality of sound. 
We need make no remarks here on the wonders 
which have been achieved by ventriloquists, as 
most of our reatlers will have heard iiractioal de- 
monstrations of them on the stage. 

At the commencement we j)ointed out the 
deceptiveness of the sense of temperature, and 
what appears a more striking case of it still is 
shown in the following experiment: — Immerse the 
fore-finger of one hand in water at 104® F.,and 
then plunge the whole of the other hand into water 
with a temperature of 102"' F. The latter, 
although two degrees cooler, will be judged to be 
the warmer of the two, from which it appears that 
the intensity of the sensation of temperature 
dei)encls not only upon the relative degi'ee of heat 



Fig. 2.— Illustrating the Term “Medial Plane.** 

to which the parts are exj)Osed, but also upon the 
extent of surface over which it is applied. From 
this cause a bath which is not uncomfortably warm, 
when a few fingei’S are dipped in it, appears scald- 
ing hot when the whole body is immei*sed. Tlie 
sense of temperature is likewise entirely at fault 
when required to determine which is the warmer 
of two substances, say a piece of iron and a piece 
of wood, for if they both have the same temperature, 
the iron will feel the hotter of the two, because of 
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its being a so much better conductor. A slight 
difference of temperature, however, between two 
substances of like nature is easily discerned, and we 
may here describe a simple but highly entertaining 
trick which is founded on the fact. The performer 
having placed his hat behind him, requests the 
people present to place in it three or four pennies. 
He shakes it up behind him, and then asks some 
person to take out a penny and closely examine it. 
He has then to pass it to the others for examina- 
tion, the last one pitching it back into the hat 
again. The pennies are then re-shaken up, and the 
performer now, placing one hand behind him, picks 
out the penny which has been examined, although 
throughout the iiv'hole operation he has never seen 
it. When the experiment has been done some two 
or three times successfully, all sorts of unlikely 
suggestions are made as to the way in which the 
feat has been performed, but very seldom the right 
one, which is exceedingly simple. The people in 
handling the penny which was selected from the 
others, make it warm. It is therefore easy to j>ick 
it out from the others when it has been pitched 
into the hat again. This sufficiently demonstrates 
the fact that at ordinary temperatures the sense of 
temperature as localised in the fingers is sufficiently 
sensitive to discriminate between several pieces of 
metal so as to say which is the warmest. But for 
the extremes of hot and cold, touch is thoroughly 
deceived, a piece of frozen mercury giving a burn- 
ing sensation like a red hot bar of metal. 

The touch which attains to such perfection in 
persons afflicted with blindness is readily deceived. 
This is shown forcibly by the experiment of 
Aristotle. Cross the index and middle fingers and 
run them over a marble placed on the table with 
the eyes shut. Under such circumstances one has 
a difficulty in avoiding the belief that he is dealing 
with two marbles instead of one. The idea of 
roundness which has been obtained by a complex 
judgment, founded on the coalescence of several sen- 
sations, is here appealed to, but the usual conditions 
being reversed, we draw a wrong conclusion. The 
sense of taste may likewise be confounded by 
altering the conditions under which the gustatory 
operation is always earned on. Thus, if the nostrils 
be held firmly, it is impossible to distinguish be- 
tween the sensations produced by applying an 
onion or an apple to the tongue. 

Perhaps the most marvellous cases of deception 
the scientific man has to deal with are those which, 
as a rule, accompany some bodily ailment, and are 
produced without the immediate agency of any 


external stimuli You may think you are listening 
to music, either vocal or instrumental, and follow 
the tune from begimiing to end, while all the time 
there is no music being performed ; you may fancy 
that you see the face of a friend who at the time 
may be dead or far away, and he appears to you 
with such reality that you call him by his name, 
but of course get no response : these are purely 
delusions of the senses which are known as sub- 
jective sematiom. An ex^ple or two may prove 
interesting. Sir John Herschel gives the following 
from his personal experience : — “ I had been 
witnessing the demolition of a structure familiar to- 
me from childhood, and with which many in- 
teresting associations were connected ; a demolition 
not unattended with danger to the workmen 
employed, about whom I had felt very uncom- 
fortable. It ha[)pened to me at the approach of 
evening, while, however, there was yet pretty good 
light, to pass near the place where the day before 
it had stood ; the path I had to follow leading 
beside it. Great was my amazement to see it as if 
still standing — projected against the dull sky. 
Being perfectly aware that it was a mere nervous 
impression I walked on, keeping my eyes directed 
to it, and the perspective of the forms and 
disposition of the parts api>eared to change with the 
change in the point of view, as they would have 
done if real.^’ Sir David Brewster, an often quoted 
authority on this subject, gives remarkable ex- 
amines of these spectral illusions. One of these, 
which we may here cite, affected the auditory 
organ. A certain Mrs. A., with whom he was well 
acquainted, wets standing near the fire in the hall 
one afternoon in December in the year 1830, and 
on the point of going upstairs to dress, when she 
heard, as she thought, her husband^s voice calling 

her by name, , come here ! come to me ! " 

Upon going to the door where she thought he was, 
she found no person there. She returned to the 
fire and again heard the same voice crying out 

distinctly and loudly ; “ , come, come here ! 

whereupon she oi^ened two other dooi’s of the same 
room, without ^ding any one. Once more she 
took her stand by the fire-place, and now the same 
voice appeared to call out in a loud, plaintive 

and somewhat impatient tone, “ , come to me, 

come ! come away ! ” She cried out in response, 
“ Where are you 1 I don’t know where you are !’^ 
still imagining that he was somewhere in search of 
her; receiving no answer, however, she went 
upstairs shortly after. Mr. A. returned home in 
abemt half-an-hour afterwards, and she was greatly 



BIRDS* NESTS. 


369 


surprised to learn that he was nowhere near the 
house at the time she supposed she had heard his 
voice. These are curious cases of illusion which 
do not affect every one, but to those who are sub- 
ject to them they come wuth great vividness, and 
it requires much strength of mind to dispel them. 
Not less startling are the sights a man sees who is 
labouring under delirium tremens brought on by 
excessive drinking, for before his unhealthy vision 
there arise up images of demons and all manner of 
loathsome beasts and reptiles, which for the time 
being he regards as in actual existence. One 
person, informing the writer of his sufferings after 
drinking bout of unusual length, said the 
devils ** took the form of a fish he was particularly 
fond of when he was in a sane condition, but, 
which in his extreme state of nervous depression, 
while the delirium was on, caused him an infini- 
tude of fright by surrounding him on all sides, 
open-mouthed, as if about to devour him, and 
staring at him stonily with their fishy eyes. 

These apparitions are nearly as inexplicable as 
the phenomena of dreams and the scientist contents 
himself with simply describing them as matters of 
natural fact, and fmming somewhat unsatisfactory 
hypotheses to account for them. The examples 
we have given seem to favour Dr. Hibbert*s 
hypothesis that spectral apparitions are nothing 
more than ideas, or the recollected images of 
the mind wliich, in certain states of bodily indis- 
position, have been rendered more vivid than actual 
impressions, and Sir David Brewster maintains 
that these recollected images or mental pictures 
have their place on the retinse while the apparition 
lasts, in other words, that the mind*s eye is the 
body’s eye. His reasons admit of being placed 


before the reader very succinctly. Vision is of two 
kinds, (Actual and menial. “ If we look at the 
facade of St Paul’s, and without changing our 
position, call to mind the celebrated view of Mont 
Blanc from Lyons, the picture of the cathedral, 
though actually impressed upon the retina is 
momentarily lost sight of by the mind ; and during 
the instant the recollected image of the mountain, 
towering over the subjacent range, is distinctly seen, 
but in a tone of subdued colouring and distinct 
outline. When the puipose of its recall is answered, 
it quickly disappears, and the picture of the 
cathedral again resumes the ascendency.” In a 
healthy state of the mind and body, the relative 
intensity of these two classes of impressions is 
nicely adjusted ; the actual picture is in the 
ascendency. But under certain conditions, as 
when one is suffering from indisposition, the mental 
picture is in the ascendant, giving rise to the 
apparitions we have spoken of, which, plainly, 
when viewed from this standpoint, are stripped of 
their terror. 

These things we have spoken of, and others of a 
like nature, which are furnished by every science, 
show how readily the reason may be deceived. 
We commonly declare with perfect confidence that 
we saw or heard or felt certain things, but the real 
truth is that we only judged that certain sensations 
of sight, hearing, and touch were caused by such 
and such things. When our judgment has played 
us false, as in the instances we have given, we 
have been without doubt victims to a kind of 
deception, which we have termed scientific, for the 
simple reason that it comes within the pale of science 
to analyse and ascertain all that it is possible to 
learn concerning these anomalous phenomena. 


BIRDS’ NESTS. 

By R. Bowdler Sharpe, F.L.S., F.Z.S., etc., 

Zoological Department, British Museum, 


T he study of birds* nests has always been far 
less popular than that of the birds themselves 
or their eggs. This is probably due, in part, to the 
impossibility of forming a complete collection of 
nests, the large size of some of the specimens 
rendering it extremely difficult to find accommoda- 
tion for them, even in great museums. And as 
regards the smaller kinds, however beautiful they 
may be when fresh, their beauty soon fades when 


they are kept in a cabinet, and it most assuredly 
entirely disappears after they have been subjected 
to the process of baking in an oven — an operation 
which, according to many authorities, is absolutely 
necessary in order to destroy such insects as may 
be harboured by them. All the collections of birds’ 
nests, therefore, either in public or private museums, 
are very imperfect, and even in the British Museum 
the series exhibited is not very large. It is. 
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ever, sufficiently complete to show many of the most 
remarkable forms of bird architecture, and a very 
curious study they present. We are at first struck 
by the absence of nests belonging to the great 
Picarian order of birds, amongst which are the 
familiar families of Kingfishers, Bee-eaters, Cuckoos, 
and Woodpeckers, for the simple reason that they 
build no regular nests, and this circumstance shows 
us that, however different in habits these Picarian 
birds may be, yet the fundamental character of 


and are a plentiful family in nearly every quarter 
of the globe. I am here alluding, of course, only 
to the nesting habits of the birds, with which this, 
paper has to do, as there are other causes which 
tend to preserve pigeons from destruction, such as. 
their timid and watchful disposition, their powerful 
flight, &c. What I have mentioned, however,, 
proves that the mere fact of building an open 
nest with conspicuous white eggs is not in itself 
detrimental to the well-being, of any bird, and in 



Fij?, 1 .— Nests of South African Weaver-birds, 


their double-notched breast-bone or sternum, which 
8ei)arates them from all the ordinary perching birds, 
is accompanied by an entirely diffei'ent manner of 
nidification. It has often been suggested that as 
these birds lay pure white eggs, it would never do 
for them to build open nests, because their white 
eggs would be so much exposed that they would 
at once become the prey of monkeys or egg-eating 
birds or animals, and that they would, therefore, 
lose in the struggle for existence. One great argu- 
ment against this theory has always seemed to me 
to exist in the nesting-habits of the Pigeons, who 
are a peculiarly defenceless family of birds, pos- 
sessing no weapons of offence or defence, and who 
/et build open nests and lay only two pure white 
eggs ; in spite of which they increase in numbers 


the case of the Picarian families, we must look 
to other causes for their habit of nesting in holes 
and covered places. It is more probable that with 
these birds the mode of nesting is derived from the 
practice of a common ancestor, which most of them 
have continued to the present day. It must be 
remembered, also, that in the Picarian birds the 
colours are exceedingly brilliant and the females 
are equally brightly coloured with the males, so 
that if they were to build exj)osed nests, the hen 
birds would run great risk of detection on account 
of their gaudy plumage. There can, therefore, be 
no doubt that the colour of the female bird has a 
great deal to do with the concealment of the nest, 
for we see the same with many perching birds, such 
as Titmice, for instance, which always build in the 
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holes of walls, or in trees ; and here again the hen 
is generally as brightly coloured as the male bii d. 
There are, however, exceptions, as in the case 
of some Titmice, Nuthatches, Creepers, and Wrens, 
which always conceal their nests in holes, or, if 
they build in the oj)en, construct a domed nest 
so as to hide the eggs ; and yet they are amongst 


brilliant and metallic plumage on the backs. No 
one can examine a series of birds’ nests without 
being struck with the wonderful skill displayed 
in them construction. This is especially the case 
with the nests of the Weaver-birds (Fig. 1) anti 
Tailor-birds (Fig. 2), who sew a leaf together to 
form a bag to receive the nest, and with those of 
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Pig. 2 .— Lono-tailed Tailor-bibd akd Nest, 


the most plainly-plumaged of birds, with hens as 
dull-coloured as the males. We can only account 
for tins on the supposition that the object is to 
protect the eggs, which are white, or white with 
red spots, and conspicuous. Another exception to 
the general rule is witnessed in the case of the 
Humming-birds, which build their tiny open nests 
attached to the boughs of trees and lay only two 
white j)ea-like eggs ; while the females can never 
be called dull-coloured, and are often of the most 


the Hangnests, who interwine grass in a most 
wonderful manner, even tying knots to bind the 
structure together more firmly. In the case of the 
first-named birds, the habit of weaving seems to be 
so innate that, even when the nests are finished 
and the females are sitting on the eggs, the inMl(\s 
proceed to make nests for themselves. These 
“ cock-nests ” are not of the same purse-like slin]>e 
as those built for the reception of the eggs, but are 
concave shelters, with a perch across the lower 
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opening, while to the side is always attached a little 
lump of mud, placed there, it is said, by the bird 
to sharpen its bill upon, as he sits in his little dome 
and sings to the female while she is hatching the 
eggs. Nest-building is, no doubt, to a large 
extent an hereditai*y instinct in birds ; but many 
naturalists consider that the faculty of imitation 
also plays a part, while it is ceiiain that the great 
difFei’ence which is seen in the constiniction of nests 
of the same species, shows that some are greater 
adepts at the art than others ; it has also been 
supposed that the less finished nests are those of 
the younger and more inexperienced birds. 

“ Felted nests are difficult to understand. They 
are generally the work of very small birds, and are, 
in nearly every case, domed or purse-like in shape. 
They exactl3»^ resemble a piece of soft felt to the 
touch and are exceedingly tough. This effect of 
felting is produced, according to the observations of 
naturalists, by the continual welding together of 
small particles, wliich, at first collected in rude 
masses by the bird, are worked by its bill into the 
compact mass which excites our admiration in its 
perfect form. 

It has been suggested that many old birds of 
both sexes pair off with younger birds in the 
breeding season, and that the older and more 
experienced birds impart their knowledge of nest- 
building to their younger mates. I cannot, 
however, divest myself of the opinion that the 
instinct of nidification is principally hereditary, 
and that improvements in the constiniction of a 
nest or the choice of a situation, are the result of 
the bird’s own reasoning i.K)wers. The nesting- 
habits of the Tooth-billed Pigeon of Samoa (Didmir 
c\dii8 strifjirostris), for instance, have completely 
changed within recent years, and this change is 
certainly due to an exercise of reason ; for at one 
time the. birds were entirely ground-pigeons, and 
were rapidly being extinguished by the introduc- 
tion of cats and rats into the islands, which de- 
voured the birds and their eggs. But after approach- 
ing to the verge of extinction, the remnant of the 
species appear to have altogether reversed their 
habits, and to have taken to the trees both for 
loosting and nesting purposes, and the birds are 
now by no means so rare in the Samoan Islands. 

It will perhaps be interesting to note some of 
the characteristics in the nidification of a few 
leading families of birds. Let us take, in the first 
place, the Accipitres, or birds of prey. These, as 
a rule, build large, open nests, in precipitous rocks 
or on tall trees. The eggs are generally dark in 


colour, but in many cases are nearly white. The 
female usually resembles the male, but ip the 
larger and more powerful bird. They appear to 
trust mainly to their personal strength, or the 
situation of the nest for the defence of the latter, 
which is a rough and clumsy structure, with no 
attempt at ornamentation, unless it be in the case 
of the Booted Eagle, which is said to line its nest 
with fresh, green leaves. 

All the Striges, or Owls, lay pure white eggs, 
which they conceal in the hole of a tree or a wall. 
The sexes are alike in plumage, and no attempt is 
made at ornamentation in the nest. The Capri- 
mulgidse, or Goat-suckers, build no nest at all, 
but lay their eggs on the ground, whence they are 
said to move them from place to place. The 
plumage is of a dull character. 

The AlcedinidsB, or Kingfishers, build nests in 
holes, laying pure white eggs. Their plumage is 
brilliant, and the females are coloured like the males. 
They have no nest to speak of beyond an accumu- 
lation of the pellets thrown up by the birds. 
The Momotidse, or Motmots, nest in a hole in the 
ground. Their eggs are white ; the plumage is 
brilliant, the female being like the male. 

The Bucconidse, or Puff-birds, nest in the ground. 
Their plumage is generally diill, but conspicuous by 
reason of light bars and stripes, and in both sexes 
is alike. 

The Trogonidse, or Trogons, are among the most 
brilliant of birds, the female having also bright 
colours ; they nest in holers in trees, and have white 

In the Upupid»e, or Hoopoes, the sexes are alike 
in plumage, which is conspicuous. They nest in 
the hole of a tree ; but, although the appearance of 
the Hoopoe is neat and mther showy, the nest is 
often composed of the most disgusting materials, 

Tlie breeding habits of the large-sized Bucerotidse, 
or Hombills, are among the most cxirious of any 
known. During the petiod of incubation the 
female betakes herself to the hole of a tree in which 
she is plastered up by the male, with only a small 
aperture for the purpose of light and air, and for 
receiving the food brought by the male bird. Here 
one egg only is laid. 

Tlie gaudily coloured Capitonidae, or Barbets, lay 
white eggs, which are deposited in the hole of a 
trea The female is bidghtly plumaged like the male. 

In the Rhamphastidfie, or Toucans, both sexes are 
omamented with bright colours. They nest in a 
hollow tree. 

The Musophagidie, or Plantain-eaters, were once 
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supposed to build in the hole of a tree, but they 
are now known to build in the open, making a nest 
something like a pigeon’a The sexes are alike in 
])lumage, both being more or less brightly-coloured. 
The colour of the eggs is unknown, but they are 
doubtless white. 

The OentropidflB, or Ground Cuckoos, build domed 
nests near tlie ground or in bushes. The eggs are 
white, and the sexes are alike of dull coloration. 

The CuculidsB, or true Cuckoos, as a rule, make 
no nest at all, but are what is called, parasitic,’’ 
placing their eggs in the nests of other birds, and 
leaving the latter to hatch them out. The young 
cuckoo, soon after its birth, ejects the rightful 
occupants of the nest, and is then brought up by the 
foster parents. The sexes are similar in plumage, 
which often mimics that of other birds. The eggs 
are of various colours, often closely resembling 
those of the species selected as the foster parent. 

Among the Picidae, or Woodpeckers, the females 
differ slightly from the males, but are often brightly 
coloured. The eggs are white, and are deposited 
in holes of trees, or in the ground, excavated by 
the birds themselves. 

Tlie sexes of the Cypselidae, or Swifts, are alike 
in plumage. The nests are generally concealed and 
of rough construction. To this family belong the 
Edible Swifts (Collocalia) which construct curious 
nests, the substance of which is glued together 
by the inspissated saliva of the birds. They form 
the delicacy out of which the Chinese concoct 
the famous ** birds’-nest soup ” (Fig. 3). The Tree 
Swifts {Dendrochelidon) also belong to this family. 
Although they are birds of moderate size they are 
said to build the smallest nest in the world, as it 
is not larger than half-a-crown. This tiny nest, 
with its one egg, is placed on the top of a post or 
bough, and the bird has been shot while sitting on 
it. The whole nest becoming attached to the body 
of the bird by the breaking of the egg, has given 
rise to the idea that the nest was fastened to the 
bird purposely, and that the latter flew about in 
this condition, and hatched the egg in tliis way. 

The sexes of the Trochilidee, or Humming-birds, 
are generally different in plumage, that of the 
females being much duller than the males, but still 
retaining more or less metallic tints on the upper 
surface ; sometimes the female equals the male in 
brilliancy. The nest is composed of felted materials 
generally ornamented, and attached to bi'anches of 
trees. The eggs ai’e two, and white. 

Coming to the large order Passeriformes, or 
perching-birds, it will only be possible to give a few 


notes on some of the principal fiamilies. The sexes of 
the Corvidce, or Crows, are alike. The plumage is 
sombre and black in all but the Jays and Magpies, 
which are brightly coloured. The eggs are mottled- 
greenish, as a rule, and placed in an exposed nest, 
generally at some height in a tree. No attempt 
is made at arcliitectural decoration, though the 
magpies build a large domed nest of thorny twigs, 
which render it difficult of access. 

Among the Paradisiid», or Paradise-birds, the 
females are much smaller than the males, the latter 
being very brightly coloured, with the feathei’s fan- 
tastically arranged. Little is known of their nesting 
habits, and that only from native reports, while the 
egg is unknown. One species of Epimachtca, with 
a very long tail, is said to build in a hole in the 
ground with an exit at each end. One would sui)po8e, 
however, that the nesting habits of Paradise-birds 
would not be very different from those of Crows. 

The sexes of the Oriolidse, or Orioles, are both 
very bright in plumage, and scarcely different, the 
female being only a little duller in colour than 
the male. They build a saucer-shaped nest, 
generally at some distance up, in the fork of a 
tree, with white-spotted eggs. 

Among the Dicruridse, or Drongos, the plumage 
is black, the sexes are coloured alike, the nest is 
rough and shallow, and generally placed in a rather 
prominent position, and the eggs are white, with 
conspicuous spots. These birds depend for protect 
tion apparently on their great pugnacity, driving 
away every intruder. 

The sexes of the Turdinse, or Thrushes, are 
generally alike in plumage, except in the Black- 
bird and its allies (Merula), The nest is cup- 
shaped and bulky, generally well concealed and 
assimilated to its surroundings. The eggs of the 
Thrushes are rather bright, as in the common 
Song-thrush {Turdus mu aims), but in the Black- 
birds they are more dull-coloured and less spotted. 

Among the large sub-family of Sylviinse, or War- 
blers, the sexes are usually coloured alike ; but very 
different in the Chats and Redstarts. The latter 
lay for the most part blue eggs, and the nest is well 
concealed in the ground, or in a hole of a tree or 
building. In the Warblers the eggs are dull- 
coloured, and the nest well concealed, but, as a rule, 
rather rough in construction. 

The Campophagidae, or Cuckoo-shrikes, have their 
sexes alike in plumage or only differing slightly, 
and both of sober colours, except in the Minivets 
{Pericrocotus), where the plumage is very brilliant. 
The nests ai*e small and shallow, placed in forks of 
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The Paridae, or Titmice, nest generally in holes of 
trees or in a wall ; when built in the open the nest 
is always domed, and the sexes are alike in plu- 
mage, which is often brightly coloured. 

The females of the often brilliantly plumaged 
Nectarinidae, or Sun-birds, are extremely dull- 
coloured. Their habits are very similar to those 
of the American Humming-birds, but the nest is 
quite different, being a domed purse-like structure 
suspended from twigs, and very slightly built of 


the little birds, and usually consist of mud aggluti- 
nated by the birds themselves, and attached to the 
walls of houses. We have already alluded to the 
nesting habits of the Pigeons ; and the Game-birds,^ 
which are often supposed to have aflinities with the 
last-named family, certainly differ a great deal from 
them in their nesting habits. Many of the GalliruB 
are polygamous, whereas the Doves pair so strictly, 
that their connubial devotion has become prover- 
bial. The Game-birds make no nests as a rule, the 



Fig. 5 .— Brush Turkeys (Moukd-suzldino Meoapodes of Australia). 


thin bents and grass ; the eggs are prettily coloured 
in some cases, dull in others. 

In the Meliphagidse, or Honeysuckers, the sexes 
are alike in plumage; but their nesting habits are 
different in the various species, as are also the eggs. 
The nest is cup-shaped and hung from a branch 
by the rim, and at other times placed on a branch. 

The families above mentioned include most of 
the typical Perching Birds, the bulk of the re- 
mainder being South American, of whose nesting 
habits we have generally no precise information : 
but we must not forget the felted nests of Dicseum 
(Fig. 4), or mud-built nests of the Swallows and 
Martins, which are constructed with great skill by 


eggs, which are very numerous, being generally de- 
posited in a depression of the ground ; and although 
these birds no doubt suffer greatly from the depre- 
dations of wild animals, yet the artful way in which 
the nest is concealed, and the general similarity of 
the plumage of the female to the surrounding 
ground, makes it by no means easy to discover 
such a nest as a Pheasant's or Partridge's. 

In the case of the Wading-birds both eggs and 
young closely resemble the general colour of the 
locality where the nest is placed, and this is 
especially true in the case of the Plovers and 
Sandpipers; in fact, it is only by watching the 
bird^ on to their nests by means of a glass that it 



BIRDS’ NESTa 


367 


is possible to find the eggs of some of these birds. 
Of course, in the case of the larger and more 
powerful families of Wading-biixis, such as Storks 
and Herons, no attempt at concealment of the nest 
is possible, the large size of the sti-uctures rendering 
them very conspicuous. The latter build their 
nests on trees, generally at a great height, while 
the Storks affect civilisation, and are usually 
protected by the yK)pulation of the towns where 
they take up their abode. Ducks and Geese lay 
plainly-coloured eggs, but have generally a large 
number, the nests being in most cases well con- 
cealed. Gulls breed on rocks, as a rule, though 
some of the marsh-haunting species frequent inland 
lakes and meres, these birds especially living in 
colonies. Terns much resemble Plovers in their 
way of nesting in little colonies by the sea-shore, 
where they deposit their eggs without any attempt 
at a nest. The eggs also resemble those of Plovers, 
and are difficult to find, from their resemblance to 
the surrounding stones. Petrels resort to rocky 
islets during the nesting season, where they breed 
in holes and buiTOWs of the earth, laying in this 
instance white eggs, which may probably be con- 
cealed by the birds for the same reasons as with the 
Picarice. Penguins congregate in rookeries on rocky 
islands in the south seas, their representatives, the 
Auks of the north, resorting to rocky cliffs. The 
Pelicans and Darters nest in trees, the Cormorants 
and Gannets on rocks, though occasionally the 
Cormorants build in trees also. The eggs of these 
birds are white, and are remarkable for the 
])eculiar chalky nature of their shells. As a rule, 
tlie eggs of the Swimming Birds are not remarkable 
for any great beauty, but exception must be made 
in the case of the Auks, and there is nothing finer 
for the student of oology to see than a good series 
of eggs of the common Guillemot, which vary from 
white to red, or sea-green, and are mottled, or 
spotted, or blotched with black. The case of the 
variation in colour of the eggs of the Guillemot is 
.extremely interesting, as exhibiting certain specified 
types of colour ; and from the fact that some of 
these eggs are found in the samg situations and 
localities year after year, it would appear as if 
certain birds laid a certain type of egg, and never 
varied in the direction of any other variety. 

From the general remarks on the families of 
birds mentioned above we have two great excep- 
tions. Among the Grame-birds we have the 
extraordinary mound-building Megapodea^ who con- 
struct no nests of their own, but place their eggs 
in large mounds, often four or five feet in height, 


where they leave their eggs to be hatched by the 
heat of the sun, and the decomposing heap in which 
they are deposited (Fig. 6). Among the Wading 
and Swimming Birds no more extraordinary way of 
nest-building is known than that of the common 
Flamingo. This bird has often been considered a 
sort of out-the-way kind of Duck, its webbed toes 
somewhat favouring this as its natural position, 
while its long legs would seem to ally it to the 
Herons or Storks. In its nesting habits, however, 
it is totally different from either of the last-named 
families, for it builds a nest of mud about two fecjt 
in height, on which the two eggs are place<l, while 
the bird was declared to sit on them with its long 
legs stretched out behind. Tliis, however, is now 
denied by naturalists. 

Lastly, we have the Struthious birds or 
Ostriches, which deposit their eggs on the ground, 
the duties of incubation being performed by the 
male bird. The egg of the Aptergac is enormous 
for the size of the bird, and is carried by the female 
in a diflbrent way to that which obtains with most 
birds, the peh'is being extremely large, and adapted 
for the reception of the immense egg. 

The above few notes on the well-known families 
of birds are sufficient to establish the proposition 
already hinted at in the present paper, that it is 
almost impossible to lay down a theory or a hard- 
and-fast line with regard to the nesting habits 
of birds. The facts detailed above, ceitainly 
do tend to show that birds with bright-coloured 
plumage in the female sex do their best to conceal 
their eggs, especially when the latter are white ; 
but there are notable exceptions, such, for instance, 
as with the British Titmice, where the Marsh Tit- 
mouse {Parus palustii8\ the hen of which is soberly 
coloured, takes exactly the same precautions as the 
brighter plumaged Great Titmouse {Par^t8 major). 
In England, no doubt, the worst enemy that the 
birds have to contend with is mankind, rapacious 
animals and birds being kept within the narrowest 
limits ; but in wilder countries, it appears to me that 
the latter are the chief elements against which the 
birds have to fight, and many of their habits should 
be studied in connection with their instinctive pro- 
tection against such mai’auders. In the East, for 
instance, there is a birds’-nesting Eagle (Niopns 
iYmlniemi8\ to say nothing of monkeys and egg- 
destroying animals to guard against, and, therefore, 
many of the birds in that region may have acquired 
either by actual experience or by hereditary in- 
stinct, manners and customs, the raison dtirs cf 
which it is now difficult to explain. 
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WATER FLEAS. 

By Aiithi'k Hammond^ F.L.S. 


P erhaps some of the earliest discoveries 
which will reward the tyro in his search for 
microscopic pond life, will be some members of the 
above-named family. They belong to the great 
group of the Entomostraca, a division of the 
Crustacea, to which class also the Crab and 
Lobster belong. The word Entomostraca is 
derived from two Greek words signifying an 
insect in a shell, and we shall presently see how 
well this term is applicable to the little creatures 
whose history and structure we propose to unfold. 
Common as they are, it may safely be affirmed that 
there is no more beautiful or surprising sight than 
that which they reveal to the astonished vision of 
those who see them for the first time, nor will 
the interest thus excited be found to flag under 
a more extended acquaintance. The exceeding 
fineness and delicacy of their limbs are specially 
remarkable, but perhaps the most piecing and 
instructive feature they present is the trans- 
parency of their tissues, which allows all the 
functions of life to be carried on under the eye. 
The whole of the digestive process, from the first 
inception of the food into the mouth, its tritura* 
tion by the mandibles, its passage through the 
gullet into the stomach, its subjection to the 
vermicular action of the intestine, its digestion, 
and final expulsion from the body, are all visible; 
tlie beating of the heart, the course of the circula- 
tion, the movement of the respiratory organs, the 
contraction of the muscles, the formation of the 
eggs in the ovary and their subsequent develoj)- 
ment, are all clearly presented for our instruction 
and wondering admiration. 

The Entomostraca comprise a variety of 
Crustaceous animals very different from each 
other in size and appearance: from the extinct 
Pterygotus Angliciia^ which probably measured a 
length of six feet, and the curious King Crab 
which at the present day adorns our marine 
aquaria, to the tiny microscopic forms which 
peoi)le thickly our fresh-water ponds, and com- 
municate a ruddy tinge to the waters of the ocean 
where they form the chief food of the whale. 
Some of them have branchiae attached to the 
appendages of the mouth. Such are the little 
Cyprides and the Cydoj)% quadricomisy both 
inhabitants of fresh water, the former looking 
like a microscopic fresh-water mussel, and the 


latter with its bags of eggs familiar almost to- 
children, as it obtrudes itself sometimes into the 
water supplied to our houses. Others again in 
common with the higher forms of Crustacea, as the 
Lobster and the Cray-fish, have branchise attached 
to the legs, and such are the Daphniie with which 
we are at present concerned. 

In a former paper (Vol. II., p. 34) on the 
anatomy of the lobster, we shall find a number 
of terms used which will naturally help us in 
our study of the Daphnia. Many of the state- 
ments also made therein, and the lessons drawn 
therefrom, are applicable in the present inslaiice. 
Tlius, like the Lobster, the animal is encased 
in shelly armour. Like the Lobster too, it has 
occasion periodically to get rid of this armour, and 
for a similar reason, namely, to allow for periodical 
increments of growth. It has happened to the 
author of this paper to witness the process, which 
occupied about half a minute, the integument of 
the head and the great antemiee coming away 
separately from that of the rest of the body, with 
which was associated a saddle-like receptacle for 
the eggs, called the ephippium, of which more anon. 
The shelly armour of the Daphnia serves, lik(5 that 
of the larger Crustacea and of insects, not only as 
a protective covering but as an external frame- 
work for the attachment of the muscles; but it 
differs very much from these in its exceeding 
delicacy and transparency, to which allusion lias 
been already made. 

The definition of the class (Crustacea) to wdiich 
the animal belongs, carries with it of course the 
plan of body-structure peculiar to that class in 
common with the insects, &c., namely, that of an 
articulate or jointed animal, consisting of a number 
of segments or joints with paired ai^pendages in 
which these regions are distinguishable — head, 
thorax, and abdomen (Vol. IV., p. 22). The great 
bivalve shell, or carapace, which encloses the 
greater portion of the body may tend to make the 
reco^ition of the plan of structure a little difficult 
at first : a difficulty which is further enhanced by 
the obscure segmentation, or ‘‘ ringing,” of the 
body ; but the series of appendages we now proceed 
to describe will make it sufficently evident that we 
are dealing with a member of the articulate or 
‘^jointed ” sub-kingdom. 

The head is the only portion of the animal which 
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i» not enclosed within the- carapace, and possesses 
two pairs of appendages, the superior and inferior 
antennw. The former are very minute in the 
female, though larger in the adult male, and are 
placed at the extremity of and a little underneath 
the beak-like process in which the head terminates. 
They are seen at sa in Figs. 11 and 12, and in Fig. 
28. The latter (ia in Figs. 11 and 12, and in Fig. 
2) are very conspicuous organs, and are inserted 
near the junction of the head and body. They 
consist each of a single joint at the base, dividing 
subsequently into two branches, of which one is 
divided into four joints and the other into three. 
Both branches are furnished with several jointed 
and beautifully-feathered filaments. These antennae 
are in constant motion, and act not as feelers, as do 
the antennae of the Lobster, but have a different use 
or function assigned to them, viz., that of locomo- 
tion, of which they are the chief agents; whence we 
may learn this important lesson, that parts that 
correspond with each other in different animals 
may not necessarily have the same function. To 
take a more familiar instance : the wing of a bird 
and the arm of a man are doubtless corresponding 
parts, but the one is an organ of aerial progression, 
the other an instrument of prehension. In the 
basal joint and the two branches of these antennae 
we are again reminded of the protopodite, exopo- 
dite, and endopodite of tlie limbs of the Lobster. 

The next pair of appendages are the mandibles 
(Figs. 11, 12, md). In common with those follow- 
ing, they are enclosed within the carapace, and are 
therefore not so clearly visible as the antennae 
immediately beneath the insertions of which they 
are placed. Each consists of a stout bent piece, 
moved by powerful muscles in such a manner 
that their serrated ends are brought into grinding 
contact with each other, beneath the labrum or lip 
to be presently described. Every now and then a 
little pellet of the decaying flocculent substances on 
which the animal feeds, may be seen to pass 
between these grinding edges into the oesophagus 
and stomach. To use Mr. Slack’s words concerning 
the gizzard of some of the Rotifers, or Wheel- 
animalcules : “ As the joints of this machine 
move and the teeth are brought together, one 
could fancy a sound of mill-work was heard, and 
the observer is fully impressed with a sense of 
mechanical power.” Some of the Daphnifie, for 
example D. vehilay have a happy knack of lying on 
their back in the live-box, in which position the 
action of the mandibles can be seen in front view 
to great advantage (Fig. 1, md). 


Following these are a smaller pair of appendages, 
the maxillae or jaws (Fig. 16), and then come five 
pairs of legs, corresponding in position to the 
thoracic or chest limbs of the Lobster; their use, 
however, as organs of motion has been altogether 
suppi’essed, that function having (as already stated) 
been transferred to the great antennae. By their 
means, however, the important work of conveying 
nutritive particles to the mouth, and the equally 
necessary processes of respiration are conducted. 

The prehension of food, which in the Lobster is 
effected by the chelate thoracic limbs, is brought 
about by very different means in the Daphnia. 
Instead of being seized, the nutritive particles 
are drawn in by the action of the feet between 
the valves of the shell, and collected in a mass 
before the mouth, in readiness for the mandibles 
to operate upon. It is probable that the whole 
of the feet, by their constant undulatory motion, 
contribute more or less to this result, by which 
means also the constant access of freshly-oxygenated 
water to the gills is maintained. The form of these 
feet is so complicated that we can only here notice 
the most salient points of their construction. The 
first pair, Figs. 3 and 4, offer one of the most 
distinctive points of difference between the sexes, 
being furnished with a hook and a long filament 
which floats outside the shell ii^ the male, both of 
which features are absent in the female. The 
three following limbs, viz., the 2nd, 3rd, and 4th 
pairs, are each provided with a delicate comb-like 
inner branch, little developed in the 2nd pair, but 
very conspicuous in the 3rd and 4th. These have 
been termed the branchial plates (see Fig. 30). By 
their undulatory movement they doubtless serve to 
keep up a constant flow of fresh water through 
the valves, and so must be regarded as important 
accessories to the work of respiration, but that 
they are the organs in which that process is carried 
on seems very doubtful. But little blood can 
possibly circulate through the fine cavities of the 
comb-like teeth, and we must remember that one 
of the first requisites of a branchial organ is that 
it should provide ready access for the impure 
blood within its tissues to come into contact with 
the vivifying water outside, a condition much more 
easily complied with by certain pouch-like organs 
with which each of the five pairs of feet is exter- 
nally provided. They are easily seen through the 
shell (see Fig. 12), and partake of the movements 
of the limbs to which they are attached. By care- 
ful observation, a full stream of blood can 1^ seen 
circulating within their soft and delicate walls. 
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Leaving now this doubtful point, if we try to 
conceive the carapace of the Lobster enormously 
produced backwards and laterally, so as to cover 
the abdomen and the legs, we shall have some 
idea of the relationship of the shell of the Daphnia 
to the body which it encloses. In conformity with 
this idea, we observe that while the head and 
thorax, as far as and including the heart, are 
intimately united with the carapace, the ab- 
dominal segments containing the posterior portion 
of the alimentary canal are freer and have a certain 
limited amount of motion, the tail (Fig. 14) if we 
may so call this portion of the little animal, 
being frequently protruded from between the 
valves and withdrawn again, and sometimes passed 
up between the combs as if for the purpose of 
raking out, by means of the pair of terminal teeth 
with which it is armed, any offensive particles 
which may have found their way in with the 
food. This portion of the body, it will be ob- 
served, is soft and flexible, to allow of the mobility 
referred to, the covering of the carapace rendering 
any further protection unnecessary. A similar 
softness and mobility of the abdominal segments 
may be observed in most beetles, when the homy 
wing-covers and the wings are removed. Each 
valve of the carapace consists of an external and 
an internal wall, as shown in Figs. 8 and 9, the 
fonner stout and resisting, and covered with a 
mesh (Fig. 27) of lozenge shaped reticulations — ^the 
shape, however, varying in different species — and 
the latter soft and membranous. There is thus a 
space between the external and internal walls of 
the carapace, within which streams of blood-cor- 
puscles are constantly carried round, as may easily 
be seen with a little careful attention. The valves 
are not united by anything like a hinge, as in an 
oyster, but form one piece, and open merely by 
their elasticity. They are terminated generally 
by a long spine, but in some species this is want- 
ing. In the new-bom young (Fig. 10), this spine, 
which is then very long, is coiled up between the 
front margins of the valves, but soon after they 
have begun to move about in the water, it may 
be seen to spring forth with a sudden jerk and 
assume its natural position. The margins of the 
valves are frequently set with fine hairs and with 
teeth like those of a saw (Fig 29). 

The stomach {st. Pig. 11) is a large curved vessel, 
somewhat straight in the middle part of its course, 
but bent round at either end. There is no divi- 
sion into stomach and intestine, the same cavity 
serving for both purposea It is here that the 


food is digested, and through the walls of this 
cavity the products of digestion are absorbed into 
the circulation. The mouth is concealed, but its 
position is marked by the grinding of the man- 
dibles, which, as before stated, play upon the food 
as it enters (w, Pig. 11). It is covered by a 
fleshy labrum or lip (Fig. 17), which is only seen 
when it is occasionally raised, and it is succeeded 
by the gullet, which after mnning upwards into 
the head, curves round and widens into the 
stomacL At the head of the curve two blind 
tubular processes called cseca (ccb. Figs. 1, 11) 
occur, the use of which is not known. The stomach, 
through the greater part of its length, may be 
seen, under favourable conditions, to be surrounded 
with a coating of muscular fibres (Fig. 13) run- 
ning round it in a circular direction, by the suc- 
cessive contraction of which the contents are kept 
in continual movement, similar to that which 
occurs in man and the higher animals, and is 
known as the peristaltic movement of the intestine. 
Sometimes its contents are of a fine green colour, 
caused probably by the presence of the colouring 
matter, or chlorophyll of various vegetable or- 
ganisms, introduced with the food and dissolved 
by the action of the gastric juice. 

Perhaps one of the most interesting points of the 
Daphnia is the clearness with which the heart’s 
action may be seen. In most of the lower Crus- 
tacea the heart is a vasiform tube, like the dorsal 
vessel of insects. In the higher forms, however, 
and in the Daphnia, it is a muscular sac, lyinj^ 
beneath the carapace and giving origin to trunks 
which convey the aerated blood to all parts of the 
body. That of Daphnia may be seen at the back 
of the animal (I’igs. 5 and 11) pulsating most 
vigorously. About its centre a slit-like orifice 
opens and closes with each beat, and admits blood 
from a surrounding chamber called the pericardial 
sinus into the interior of the heart, whence it 
is expelled in an anterior direction. The course 
of the blood through the heart, and indeed that of 
the circulation generally, is indicated by the white 
corpuscles floating in the fluid which correspond 
very closely with similar' corpuscles existing in 
our own blood. In this way we can follow it in 
part, but not through its whole extent One stream 
is thus seen to supply the head and parts connected 
with it, another bathes the stomach, the respira- 
tory organs, Ac., and another again makes the 
circuit of the valves, returning by the back of tie 
shell to the pericardial sinus and the heart. 

♦ ** A Cockroach,” ** Science for \11,” Vol. HI., p. 32h. 
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The muscles which move the great antennae are 
very conspicuous, originating at the back of the 
head, and passing in converging bundles to their 
insertions at the base of these organs; they are 
shown at m, Fig. 2. Other smaller bundles occur 
in the feet and in the abdomen, and under a high 
power of the microscope may be seen to possess the 
striated character so generally found in muscular 
tissue (Fig. 7). 

The eye of the Daphnia (Fig. 15) is an object of 
much interest ; it is apparently a single organ oc- 
cupying a conspicuous position in the front of the 
head ; it is of a nearly spherical shape, and com- 
posed of about twenty crystalline lenses arranged 
around a central mass of black pigment ; it is fur- 
nished with muscular bands, by which its move- 
ments are effected, and which by their contractions 
cause in it an alternating fidgety movement in a 
rotatory direction. From its lower surface arise a 
number of fine nervous < ords, the optic nerve, con- 
necting it with a nervous knot or brain imme- 
diately below. Although apparently single, and 
described as such by many authors, the following 
facts observed by the writer of this paper seem to 
lead to the conclusion that it is essentially a double 
organ formed by the coalescence of two originally 
distinct ones. The young of Daphnia vetula imme- 
diately after birth were seen to be possessed of two 
red eye specks separated by a considerable interval, 
not as yet furnished with lenses, but more like the 
simple form of the eye observed in Cyclops and 
other fresh water Entomostraca,. A front view of the 
eye of Daphnia psittacea also, as seen in Fig. 6, 
gives the impression of its being formed by the 
coalescence of two distinct eyes. 

The eggs of the Daphnia are first to be seen in 
the shape of small round pellucid globules which 
mark the situation of the ovaries placed along the 
sides of the stomach. They soon lose their 
transparency, and form a dark oval mass, which 
shortly quits the ovary and is transferred to the 
empty space between the back of the animal and 
the shell, where they are kept in their position by 
a projecting process (pr, Fig 14) of the abdomen. 
Here they remain for four or five days, till ready 
to emerge as independent beings. Five or six eggs 
.may sometimes be seen together in this empty 
space, which, although enclosed by the shell, is, it 
must be borne in mind, exterior to the body of the 
animal, and may be called the incubating chamber. 
Here too, the process of development may be 
watched, the eggs, which are at first round and 
filled with globules, becoming subsequently more 


oval, and the globules augmented in number. Soon 
traces of the eye and the limbs appear, motion 
becomes perceptible, and the heart may be seen to 
beat. At the end of the fifth day the young are 
launched into the water nearly in the form of their 
parents. All the eggs, however, do not follow this 
course. At certain seasons a peculiar thickening 
takes place at the back of the shell, which gradually 
assumes a dark colour, and one or two of the eggs 
are found enclosed within it. This is called the 
ephippium (Figs. 11, 18), from a Greek word 
signifying a saddle, from its fancied resemblance to 
that object. The cavity of the ephippium is at 
first continuous with that of the incubating 
chamber, but it gradually closes upon the eggs 
until they are entirely shut off therefrom. At 
the next moult the ephippium with its eggs is 
thrown off from the animal, and floats on the 
surface of the water, where it is said to remain till 
the following spring, when the young are hatched 
by the returning warmth of the season, thus 
affording an excellent example of the care with 
which nature provides for the preservation of her 
smallest creatures. The ephippial eggs (Fig. 19) 
differ somewhat in appearance from the ordinary 
ones, being enclosed in a hard horny shell, which, 
in addition to the protection of the ephippium, 
renders them peculiarly fitted to withstand the 
vicissitudes of winter. 

We will conclude with a brief description of 
the seven species of Daphnia peculiar to Britain, 
all of which may be found with a little search, 
but some are much more common than others. 
The first of these is Daphnia pyulex^ and is very 
abundant in all parts of the country. The head 
in this species is large, rounded above, but produced 
below into a sharp pointed beak. The valves 
are marked with a meshwork of crossing lines, 
and their margins are smooth, not serrated as in 
the following species. Sometimes a red colour 
prevails to such an extent as to communicate a 
ruddy tinge to the water in which the animals 
abound. The male is much smaller than the 
female, and may be recognised not only by the 
floating filament of the first pair of feet before 
mentioned, but by the straight outline of the 
anterior margin of the valves as compared with 
the female. 

Daphnia psittacea is frequently met with, having 
been found by the writer in ponds at Streatham 
and at Sheemess. The head is large and somewhat 
square-shaped, the anterior part is beaked like the 
beak of a parrot. The margins of the valves are 
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dosely serrated or set with teeth like those of a 
saw. The pond at Streatham contained a large 
number of males.* 

Daphnia Schcefferi is the largest of the family. 
The valves are nearly circular, and their margins 
serrated. The head is comparatively small, and 
flattened on the summit. It may be easily recog- 
nised by the peculiarity of its movements, which 
differ from those of the foregoing species, and are 
distinguished by an awkwardness and head-over- 
heels manner of progression, anything but digni- 
fied. The carapace sometimes exhibits a white 
opacity, which obscures the body of the animal 
withimt heen found at Bexley Heath, in 

Kent, and by the author at Sheerness and Gosport, 
Hants. 

Daphnia vetvla is common about London. The 
head in this species is small compared with the 
carapace, which is cut off flat at its extremity, and 
destitute of the terminal spine. The valves are 
striated rather than reticulated. 

Daphnia reticulata is a small species, the valves 
of which are covered with a mesh of hexagonal 
cells. 

Daphnia rotunda differs from the last in the 
round outline of the shell ; it is also slightly 
larger. 

Daphnia mwromvta is a singular form, the 
anterior margins of the shell being quite straight, 
and terminating below in a long spine. Tliere are 
thus two of these spines which replace that usually 
found at the back. This species has been found by 

* Baird says that the males are scarce, and only to be found 
at certain seasons, generally in autumn. I have, however, 
found males of D. pul ex and p»itta<iea in May and June, those 
of the latter species occurring abundantly. 

t Baird, however, describes it as transparent. 


the author of this paper in ponds in the Crystal 
Palace grounds at Sydenham. 


EXPLANATION OP PIGUEEB (p. 369), 

Eye ; ca, the Ceoa ; md, the Mandibles ; Ir, the Labrum. 

Pig. 2.— One of the Inferior or Cheat Antennas of 1). pulex : m, 1 
Muscles ; st, Stomach. 

Pig. S.—PiM Poot of D. SehtBfferi, female. 

Pig. 4.— Ditto of D, pstttaoeOf male. 

Pig. 5.— Heart of D. paittweat showing Slit. 

Fig. 6.~Eye of ditto, showing its doable character. 

Fig. 7.->Striated Muscle of Daphnia. 

Fig. 8.— Transverse diagrammatic section of Shell of Daphnia along 
the line v, x. Pig. 11, showing its double wall ; e, Eggs ; b. Body ; 
0 , Blood Corpuscles. 

Pig. 9.— Ditto, showing the Ephippium closing upon an Egg. 

Pig. 10.— Young of D. puler, showing », the Coiled-up Spine. 

Pig. 11.— D. paittaoea, female, o, the Eye; aa, the Superior 
Antennee; ia, the Inferior Antenno; ccr, the Cssca; md, the 
Mandible ; m, the Mouth ; 1, 2, 3, 4, 5, the five pairs of Feet ; 
cb, the Branchial Plates, or Combs; g, the Gullet; at, the 
Stomach ; a, the Anus ; h, the Heart ; eph, the Ephippium, with 
two Eggs. 

Pig. 12.— D. paittacea, male, showing aa, the Large Superior An- 
tennae ; the Filament, /, attached to the first pair of Feet, and 
the pouch-like organs of the Feet. Other letters as before. 

Fig. 13. — Portion of Stomach, showing Muscular Fibres surround- 
ing it. 

Pig. 14.— Terminal Segments of Abdomen of I), pnlex : a, the Anus ; 
hh. Anal Hooks ; at, the Stomach ; pr, Process for retaining the 
Eggs; c, the Body Cavity, with Blood Corpuscles streaming 
towards the Heart ; m, m. Muscles. 

Pig. 15. — Eye of D. vetula : m. Muscles ; n, Optic Nerve ; b. Brain. 
Pig. 16.— Maxilla, D. Schcefferi, 

Fig. 17.— Labrum, ditto. 

Pig. 18.— Ephippium of D. paittacea. 

Pig. 19.-P ■ 

Pig. 20.-C 
Pig. 21.-D. : 

Pig. 22.— D. 1 
Pig. 23. -D. 1 
Pig. 24.— D. 1 
Pig. 25.-r 
Pig 26.— I 

These six foregoing figures represent females bearing ordinary, oi 
Summer Eggs. 

Pig. 27.— Reticulations on Shell of D. paittacea. 

Fig. 28. — Superior Antennee of young D. pulex. 

Fig. 29.— Marginal Teeth of Shell of D. paittacea. 

Fig. 30.— One of the Branchial Plates, D. pulex. 
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BY THE EDITOR. 


I N the Tolumes now brought to a close we have ranged over many fields of science, reaping here 
and gleaning there, now binding a sheaf, anon snatching a handful as sample of the crop still 
standing. The labourers have been many, but the harvest is heavy. To have garnered all that lay 
ripe to our hand would have been impossible within the time at our disposal, and the space allotted 
for its accommodation. It would, moreover, have defeated the object aimed at here, for, instead 
of a work of that nature providing Science for All, it would necessarily have been a technical encyclo- 
psedia accessible to few, and unintelligible to many. On the contrary, in accordance with the 
promise made in the programme, we have endeavoured to select certain subjects capable of simple 
explanation, and to employ them as pegs on which to hang the scientific principles of which they 
were the embodiment. We have tried to write on lines much the same as the reader's mind would take 
were he or she trying to puzzle out the subject for himself or herself, and, while seeking as far as 
poasible to avoid needless minutiae, to be as careful in regard to facts and conclusions as if we were 
addressing an audience of experts. A popular paper is not a technical essay watered out with words 
and pointless anecdotes ; but neither does it follow that a mass of data heaped together in the most 
repulsive literary form is necessarily on that account scientific. Science is simply knowledge, and 
the more lucidly that knowledge can be conveyed, the more completely does the teacher demonstrate 
the clearness of the mental process by which he has arrived at his results. Yet while this work does 
not profess to be exhaustive, it will, we believe, be found that no subject of popular interest has 
been entirely neglected, and an examination of the indices will show that often under the least pre- 
tentious heading, there has, for the first time, been explained the most recondite of the many brilliant 
discoveries of recent times. That in some respects the publication has fulfilled its design is proved 
not only by the favour which it has received in this country, in the United States and the Colonies, 
but by the fact that many of the papers have been reproduced in almost every European language, 
and in some of those of the farthest East, and that the only English monthly serial which has ever 
been regularly translated into any foreign tongue has been ‘‘ Science for All," which, in Danish and 
Swedish versions, circulates as a familiar friend among the Scandinavian borger and bonder from Jutland 
to the NoiTland, and is read even in Greenland and Iceland. It is impossible for anyone who does not 
devote his life to learning to become the master of any one science. Time was when the sum total 
of our knowledge of nature could be compressed within the compass of three small volumes, like 
those comprising the ‘‘ Systema Naturae ” of Linnseus. A “ philosopher ” in those days was the trustee of 
the treasures of human research, and men who, like the late Drs. Gray and Fleming, commenced life by 
the determination to acquire all that was known, were forced long before they laid aside their pens to 
confine themselves to one science, or even to one section of science, by the lioi)elessness of ever keeping 
pace with the thousands of panting toilers who were daily adding to the ever-accumulating piles of 
information. Take Botany, for example. Hippocrates, who lived between four and five hundred 
years before Christ, mentions only 234 species of plants, and Theophrastus, two hundred years later, 
vaguely describes about 500. Pliny, even in the golden reign of Vespasian, after having at his command 
all the resources of the Roman Empire, could not enumerate more than 800, which is also nearly the 
limit of the catalogue issued by Conrad Gesner after another interval of 1,500 years. At the beginning 
of this century there were only 26,000 species of all kinds of vegetables known : at the present 
moment fully 100,000 different forms of flowering plants, and 25,000 cryptogams or flowerless ones, 
like mosses, fungi, and sea-weeds, are described and figured in the works of botanists. Zoology has 
advanced with strides quite as rapid. In 1831, there were not more than 70,000 species of animals on 
our lists : to-day Dr. Gunther considers that 320,000 will be a nearer approximation to those of which 
the zoologist ambitious of the vain task of numbering every form pourtrayed would require to 
take cognisance. In the British Museum alone it is estimated that there are no fewer than 12,000 
species of insects which have not yet been named, and some of the best entomologists calculate that 
there must be at least one million species of that order of animals. Yet all of this is apart from 
the new world of biology, which has been explored by the anatomist and physiologist, and which is 
hourly opening up new lands of wonder. In the days when men still working were boys at school. 
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geology had barely assumed a stable place among the sciences, and paleontology scarcely existed^ 
BO few were the ascertained forms of extinct life. In 1843, as Sir John Lubbock has lately reminded 
US} there were only 6,300 recognised British fossils : to-day 16,000 are in our museums, and 26,000 
altogether describe from the rocks of the world, though so rapi^y are discoveries being made that in 
a few years this estimate will be obsolete. The chances are, making liberal allowances for the number 
of species in the early stages of the earth’s history being fewer l^n in its later ones, that by the 
**slow results of time,” 2,000,000 species of plants and animals have lived and died in the earth, 
and in the waters upon the earth, since first there went forth the mandate, “ Let there be light.” 

However, the plan of a city may be understood without the student requiring to count the 
number of houses, or to examine every window, door, and brick in each of the buildings composing the 
streets and squares. Neither is it necessary to know all the endless forms of Crustacea to under- 
stand their general structure and history. The student who has made himself familiar with the 
anatomy of a lobster, or of a water fiea, w^ not have a great deal to learn, while, should he desire to 
extend his acquaintance with the order, he will find it easy to master the individual differences which the 
other species present. Classification shows them all united by one common plan of structure, so that once 
this is understood, the anatomy and even the physiology and habits of the others become more the 
province of the specialist than of the “general reader” to study. But of late years “species-men ” have 
rather fallen into disrepute. They are regarded by the “ scientific naturalist ” in much the same light 
as the architect regards the hodman, who brings up the marble and mortar, out of which the palace 
he has planned is to be reared. The heaps of timber, lime, sand, stone, and slates are no more a house 
than the unassorted, unsifted mounds of facts constitute a science. The philosopher connects the one 
with the other, studies their various relations, and, by a logical process, as strictly on the lines of 
the Baconian “Novum Organum” as any inference of the metaphysician, deduces certain general 
conclusions regarding the laws of nature and the history of the Universe. To reverently pry into 
these arcana, and, as far as possible, to apply the facts ascertained for the gratification of man’s 
intellectual longings, and the improvement of his condition, is the legitimate aim of all science worthy of 
the name. Hence, though the material we have to deal with is infinitely greater than it was 
twenty years ago, it is much easier nowadays to state within a moderate compass the broad con- 
clusions in the chief sciences than would have been possible at that date. Nor is research more difiicult. 

The instruments which have been devised by the ingenuity of modem mechanicians enable 
us to probe far more deeply into the secrets of nature than could our forefathers. These tools 
are capable of the utmost precision. But they are costly, and require a training in itself 
before the observer can use them to good purpose. The earlier observers were forced, either 
by choice or by necessity, to use simpler apparatus When foreign visitors asked to see Radcliffe’s 
laboratory they were pointed to a few phi^s on a shelf. Dalton, the father of modern chemistry, 
was possessed of a scarcely less costly array of aids to study, and the entire apparatus by which 
Cavendish, the wealthiest physicist in England, ascertained the composition of water was certainly not 
worth in the open market more than a few shillings. But the facts within reach of such humble 
appliances have for the most part been seized loiig ago, and if actual research is aimed at, some- 
thing more elaborate must be obtained. Still, there is scarcely an observation or a principle enunciated 
in these volumes which the poorest student could not confirm or repeat for himself with the 
expenditure of a little labour and a small amount of money. Every stagnant pool, every rocky 
sea-shore, every fallen leaf, and roadside flower, afford objects for study, to which a pocket lens, 
a pair of scissors, aiid a needle stuck in a bit of stick, are about all the adjuncts required. 
Geological research requires really no apparatus beyond a hammer and chisel, and as every railway 
cutting and rock face is a free field for the tyro to test the lessons of his book, the cost of a 
department of natural history as fascinating as any, and perhaps more likely to lead to really 
valuable discoveries than most others, need actually nil, A perusal of the papers on physical 
science will show that an earnest student with even the minimum of ingenuity can utilise cheap 
materials for the preparation of most serviceable apparatus, and in a special paper upon the subject 
of astronomical ob^rvations with simple instruments it has been shown that even the distant stars caii 
be brought within our ken, at a cost far less than is usually supposed to be demanded for telescopic 
and other assistance. A summer afternoon devoted to an intelligent examination of a rocky coast 
will teach as much about “marine erosion” as the most extensive voyage is likely to do, and the 
observer, if he has read aright the lessons taught in these pages, need not travel to the Amazon 
or the Mississippi to understand the action of rivers, or the laws governing the movements of 
running waters. A mountain “burn,” or even the rain coursing along the gutters of the street, 
will form an instructive illustration of many a chapter in physical geography. The learner must 
not despise little things, or consider that a fact is important simply because it looks large or 
specious ; for what seems to-day of little moment, may to-morrow, in the light of other data, become 
oit the greatest value. 
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Mr, Darwin liaa pubEshed an instructive commentary on the statement. He has shown that 
the humble earthworm is one of the most important agents in the natural tillage of the soil, by 
swallowing earth, bringing it to the sur&ce, and then voiding it in the little castings with which we are 
all familiar . In this manner it is probable that a considerable part of the surface soil has passed and 
is passing through the intestines of worms, and that by burying and thus preserving ancient remains, 
the archteologist, equally with the farmer, owes the Lvmbrieus a lasting debt of gratitude. But though 
the theorist may the salt of the scientific world, the “hodmen, '’ who bring us the facts, are the 
essential factors in its life. Without data, the enunciations of the theorists become simply idle hypo- 
theses, like the puerilities of the schoolmen, and the speculations of the naturalists and astronomers 
before they bas^ their conclusions on a structure of realities. It is therefore essential that these 
facts should be carefully recorded, without regard to pre-conceived ideas, or the possible “ view ” they 
may be used to support, for, as Ba^n has it, “ the true philosopher is he who loveth truth better than 
his theory.” Unless our data are accurate, everything we deduce from them will be tainted with error. 

“ We cannot deceive Nature, however much we may deceive ourselves.” It is a seriohs matter to send 
an untruth floating around the world poisoning the source of knowledge, and, it may be, shunting into 
wrong tracks tlie anxious seekers after light Yet unconsciously, by error in observation, by haste, by 
ignorance, this is done every day. “ Physical science,” to use the words of our fellow-labourer — Professor 
Josiah Cooke, of Harvard — and I can find none better to express what it is desired to bring out, “ is noble 
because it does deal with thou^t, and with the very noblest of all thought Nature at once manifests 
and conceals an Infinite Presence. Her methods and orderly successions are the manifestations of 
Omnipotent Will. Her contrivances and laws are the embodiment of Omniscient Thought. The disciples 
of Aristotle so signally failed simply because they could see in Nature only a reflection of their idle 
fancies. The followers of Bacon have so gloriously succeeded because they approached Nature as humble 
students, and having first learned how to question her, have been content to be taught, and not sought 
to teacL The ancient logic never relieved a moment of pain, nor lifted an ounce of the burden of human 
misery. The modem logic has made a very large share of material comfort the common heritage of all 
civilised men.” 

Nor need the reader fear to range over a wide area by the absurd dread of a little knowledge 
being “a dangerous thing.” It is not half so dangerous as ignorance, and can never do the possessor 
or anyone else the slightest injury if they do not foolishly believe that it is great instead of little. 
It is true, as Sir Jobm Lubbock has expressed it, that he who cultivates a small piece of ground 
is more likely to trench deeply than his neighbour, ambitious of farming a broader field. 
But this does not necessarily follow, for — fo go no further than the eloquent President ( 1881 ) of 
the British Association himself for an example — ^it is quite possible to be eminent in the bye-paths 
of many different departments of research. Too close application to a speciality tends to narrowness 
and bigotry. The “ Scarabseist ” of Wendell Holmes, who scorned the idea of being styled an 
entomologist, and would hardly allow that he was a coleopterist, was not, if we recollect rightly, a 
gentleman of the broadest sympathies, or the most cultured intelligence! We are, however, speaking not 
to a society of savants, but to an audience of intelligent men and women more anxious to Team 
something about the wonders above, around, and beneath them, than to add to the sum of science. On 
our part it has been our desire to advance knowledge by making what is locked up in quarters where it is 
seen by the few, accessible to the many. We therefore coimsel no Icarian flights, since, as Sir Arthur 
Helps so aptly puts it in one of his charming essays, it is ever the tendency of mankind to pass 
over the flowers in their path in search of the plant that blooms but once in a hundred years. 

Knowledge, as the I^rd of Yerulam wrote so earnestly three centuries ago, is not “ a couch where- 
upon to rest a searching and restless spirit ; or a terras, for a wandering and vaiiable mind to walk up 
and down wkh a fair prospect ; or a tower of state for a proud mind to raise itself upon ; or a fort or 
commanding ground for strife and contention ; or a shop for profit or sale ; ” but “ a rich storehouse for 
the glory of the Creator, and the relief of man’s estate.” Science has advanced so rapidly of late that 
sometimes we forget in our pride of conquest how much is still to be grasped. What indeed we know is 
as nothing to what shall yet be vouchsafed to us, wh^ the something “in this earthy ball shall be 
unriddled by-and-by.” Nature accomplishes nothing by leaps and starts, cataclysms and catastrophes ; 
but by the slow, continuous action of fixed laws, all connected, and all working seemingly independent, 
yet in reality towards a common end. There are no apcidents, nothing haphazard, and consequently 
nothing happening by “chance.” The result of these factors is the b^utiful harmonious whole, the 
mystery of which it is the daily work of the natural philosopher to unravel, and the full wonders of 
which may in the future be revealed to him. 
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Iris : its Mode of Seeding, 97. 

Iron : “ A Bar of Iron,”"^ by George W. 
von Tunzclmann, 90. 

Ivy, Seed of the, 100. 


Jungfrau, The Sunset on the, 33. 

Kaemtz, Prof.: Colours produced by 
Sunrising, 34 ; Solar Corona, 36. 
Karsten, on Black-lead, 16. 

Kem^len, Von: Speaking Machines, 

Kepler : his Observations of Lunar 
Eclipses, 7. 

“Kish Graphite from Molten Iron, 19. 
Kratzenstein’s Vowel Tubes, 148. 
Krause, Ernst : Colours of the Ancients, 
14. 

Kiyokonite, a Mineral on the “Inlands” 
ice of Greenland, 334. 


Lady-bird, Foot of the, 78. 

Lake Terraces : “ Parallel Roads of Glen 
Roy,” 186. 

Lamarck : on Microscopio Shells, 227. 
Larva of the Red Ant, 115. 

Larvse of Insects: their Modes of Pro 
gression, 73. 

Larynx, Human, 43, 44. 
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Isrynx ci Peregrine FalcoD, 4d. 

Lead-pencils, 18. 

Leaf-cutting Ant of Texas, 158. 

Leech, Marine, OutMdc Gills of the, 298. 

Leid^, Prof. : on Hhizopods, 219. 

Lemming, Migration of the, 14^ 144. 

Ley, licv. Clement : ** High Clouds and 
Moonshine,” 105. 

Light in a Lunar Eclipse, 6, 7. 

Light : its Polarisation as affecting the 
Blueness of the Sky, 31 ; its Effect on 
the Colour of Clouds, 32. 

Light : “ How Waves of Light are Mea- 
sured," bv Prof. Josiah P. Cooke, 214 ; 
" How Molecules are Measured,” by 
Prof. Josiah P. Cooke, 288. 

Lily Encrinite, .37. 

Limestone ; " Stone-lilies, and Feather- 
stars” in Limestone B^s, 37. 

Limestone and Chalk: their Resem- 
blance and differences, 66. 

Limestone formed of Nummulites and 
other Foraminlfera ; Rock-making 
Hhizopods, 224. 

Limestones composed of Crlnoids and 
Corals: Wenlock Edge, Dudley, South 
Wales, and Somersetshire, 41. 

Liunmus : Migration of Mammals, 142. 

Lion, Fossil Remains of the, 318. 

Llama, 211. 

Llanos of Central America, 126, 129. 

Llhuyd, Edward : on Crinoidea, 37, 39. 

Iionaon : " What is under London ? ” by 
Frederic Drew, 234 ; Is there Coal 
mj^er London?” by Frederic Drew, 

Lubbock, Sir John : on the Distribution 
of Se^s, 99; his Experiments with 
Ants, 159 ; the Parallel Roads of Glen 
Roy, 183. 

Lunar Eclipse, L 

Lunar Rainbow, 34. 

Lund, Dr. : the Bone-caves of Brazil, 210. 

Lungs of Man and Birds, 297. 

Lupms, Seed of, 99. 

Lyell, Sir Charles : on the Parallel Roads 
of Glen Roy, 18& 


McCook: on the Leaf-cutting Ant of 
Texas, 158. 

Mace, the Seed of the Nutmeg, 100. 

Madder : its Colouring Principle (Aliza- 
rine) artificially produced from Coal- 
tar, 83. 

Maedler ; his Calculations of the Heights 
of Lunar Mountains, 29 ; Observations 
of the Planet Mercury, 138. 

Magenta a product of Coal-tar, 81. 

Maggots : their mode of Progressiom 73. 

Malleability of Cast and Wrought Iron. 
91. 92: of Gold, Silver, Copper, and 
other Metals, 94. 

"Mammals and Fishes, The Migration 
of,” by Professor J. Duns, 142 ; Hiber- 
nation of, 240. 

Mammoth, Skeleton of the, 320. 

Man, Walk oL 336. 

Mangrove : Mode of Seeding, 102. 

"Manure Heap, A,” by David Houston, 
252. 


Marey, M. ; Flight of Birds, 168. 

Marsh-gas, 310. 

Mauve produced from Coal-tar, 81. 

MegaUierium, The, 207, 211. 

Melting and Boiling : Hot Ice, 21. 

" Mercury, The Planet,” by W. F. Den- 
ninu, 136 j The Aureola of, 140. 

Metallic Lustre of Non-metallic Bodies 
Iodine, Black Lead, 15. 

Metals, Determination of, by Chemical 
Analysis, 61. 

Meteorites, M. Daubr^e on the Chemis- 
try of. 19 ; Graphite in, ih. 

Meteorology: "Sunset, Twilight, and 
Halos,” 29; Indications of weather 
from Sunrising, Sunsetting, Halos, 
and Corona. 34, 35, 36; ‘leather 
Signs and Weather Changes,” 84; 
" High Clouds and Moonshine,’’ 105 ; 
Rainfall and Vegetation of Treeless 
Regions, 132; "Weather Forecasts,” 
133. 


Mexican Hon^ Ants, 159. 

Microphone, The, by Park Benjamin, 
Ph.D., 170. 

Microscopic Fossils in Chalk, 67. 
"Migration of Mammals and Fishes,” 
by Prof. J. Duns, 142. 


Migration of Animals, 243. 

Mmola {Faraniinifera)t 222^ 223, 224, 225. 

Miller: on Feather -stars, and Stone- 
lilies, 38, 39. 

Mimicir of Insects by Plants, 99. 

Mineral Matter, Cyclic Movements of, 
256. 

Mineralogy: "A Piece of Black-lead.” 
15 ; " A Piece of Sulphur,” by F. W. 
Rudler, 193. ^ 

Mist, a Cause of Solar and Lunar Coronas, 
36 ; Spectre of the Brocken, tb. 

Moisture in the Atmosphere : its effect 
on the Barometer, 86 ; its Quantity as 
affecting I’reeless Regions, 130. 

"Molecules : how they are Measured,” 
by Prof. Josiah P. Cooke, 288. 

Molybdenite : its Resemblance to Graph- 
ite, 17. 

Monoel, M. du: his "Singing Con- 
denser.” 151. 

Monkeys of South America, Fossil and 
Recent, 208. 

Monoohromatio Light : its effect, 291. 

" Moon, Eclipse of the," by Prof. Simon 
Newcomb, 1 ; Variations in its Light 
during Eclipses, 7; its Colour; a 
"Blue Moon,” 9; Mountains in the 
Moon, how their Heights are Mea- 
sured, 29 ; Lunar Halos, 34, 35 ; sup- 
posed Induenco of its Phases on 
weather, 106 ; Fallacy of the Elusion, 
107; actual Influence of the Moon, 
107, 108 ; Heat from the Moon, 108. 

Moonshine and High Clouds, 105. 

Muller : Absorption Spectra of Colour, 

Mummy Wheat, 103. 

"Mushroom, A,” by Worthington G. 
Smith, 212. 

Musk Ox, 322. 

Music, Vocal (aee Voice). 

Mylodon, The, 208, 211. 

Naphtha (aee Petroleum). 

Naucoria^ Legs of the, 74. 

"Neptune, The Planet, " by W. F. Den- 
ning, 227. 

Nautilus-shell in Limestone, 226. 

New York Hercdd Weather Bureati, 134. 

Nobert’s Plates for Measuring Waves of 
Light, 249. 

Noctule {VeapertUio noctvla)^ Head of, 
243. 

Nordenskibld : Migration of the Rein- 
deer, 143 ; on Erj-okonite, 334. 

Nummulites, 222, 224 ; NummuUtic Lime- 
stone, 225. 

Nutmeg, Seed of the, 100. 

Objective Colours, 10. 

Oidium, or Vine Disease. 197. 

Oil-springs, Petroleum, 121, 122. 

Oily Scc&, 100. 

Orange Dye, a Product of Coal-tar, 82. 

Orbitolitea, Shell of, 221, 223. 

Ornithology : " How a Bird Flies,” by Dr. 
Hans Gadow. 160 ; " Birds’ Nests," by 
R. Bowdler Sharpe, 369. 

Palaeontology : "Stone-lilies and Feather- 
stars,” Fossil and Recent, 37; "The 
Ancient and Modem Animals of South 
America,” 203; "The Old life of 
Europe/ 316. 

Pampas of Central America, 126, 129. 

Paracelsus : on the Ductility and Mallea- 
bility of Metals, 94. 

"Parallel Roads of Glen Roy,” by Prof. 
T. G. Bonney, 182. 

Parsnip : Mode of Seeding, 98. 

Partridge, Flight of the, 168. 

Patagonian Cavy, 209; Fossil Cavildse, 

210 . 

Pea : Vitality of its Seed, 103. 

Pear Encrinite, 37, 42. 

Pennant, on the Migration of the Her- 
ring, 146. 

Pentacrinoids : PentacHnua captU-nie- 
duacBt 38 ; Gigantic Fossil Specimens, 
40. 

Perch, River : its Mode of Swimming, 
306. 

Porei^ne Falcon, Larynx of, 4ft 

Periodic Migration of Mammals and 
Fishes, 142. 

Perkins, Mr. : his Experiments on Ani- 
line, 81. 8ft 


Pesohel : on Treeless Regions, 132. 

" Petroleum,” by David Bremner, 121. 

Pettigrew, Prof. : Flight of Birds, 168. 

Phonautograph, The, 149. 

Phonograph, Speeoh-laden Tinfoil of, 
151. 

Phosphine, a Product of Coal-tar, 81. 

Phydology, Human: "Voice," by Prof. 
F. Jeilfey BeU, 43; "The Heart and 
the Blood,” by Dr. Andrew Wilson, 
264; "Breath and Breathing,” by Dr. 
Andrew Wilson, 294 ; " How an Ani- 
mal Walki^” by william Ackroyd, 336 : 
"The Rise of the Organs of Sense," by 
Professor F. Jeffrey Bell, 34a 

Picrio Acid, a Product of Coal-tar, 82. 

Pictet, M. : Liquefaction of Gases, 21. 

Pi^n : its Flight : Muscles of the Wing, 

Pike, Common, 304. 

Pine : Mode of Seeding, 98. 

Pitch, 80. 

Planets: "The Planet Mercury,” by W. 
F. Denning, 136: "Uranus and Nep- 
tune.” by w. F. Denning, 227 ; Rela- 
tive Dimensions of Planets, 137. 

Plants, Breathing of, 298. 

"Plants, Structureless," 188, 

Plant-lice, 155. 

Plastic Sulphur, 193. 

Playfair, Dr. Lyon : on Inflammable Oils, 
123. 

Plumbago : "A Piece of Black-lead,” 16. 

Plumbago Crucibles, 18. 

Poisonous Agarics mistaken for Mush- 
rooms, 217; Symptoms of Fungus 
Poisoning, ib. ; Remedies, 2ia 

Polar Currents of Air, 88. 

Polarisation of Light, as Affecting the 
Blueness of the Sky, 31. 

Polyatomclla : Internal Cast of Shell, 
m, 227. 

Pontoppidan: Migration of Mammals, 
142. 

Poppy : Liberation of its Seeds, 97, 100. 

Po]]^, Horned, of Laurium, in Greece, 


Porcupines, Fossil and Recent, 210. 
Prairies of America, 131. 

Preece’B Telephone, 151, 152. 

Prestwich, Prof. : on the Parallel Roads 
of Glen Roy, 183, 186. 

PrimingcolouTB produced from Coal- 

Proteus-animalcule (Amoeba), 219. 
Protopithecus, an Extinct South Ameri- 
can Monkey, 208. 

Protoplasm, 24, 26, 188, 193, 218. 

Protozoa : Rock-making Hhizopods, 218. 
Pyramids of Egypt, Built of Nummulitic 
Limestone, 225. 


Radiolaria in Globigerina Ooze, 70, 192. 

Rainfall in the Llanos of South America, 
130. 

Rainbows, 9, 14, 34, 105. 

Raspberry-seed: its Prolonged Vitality 
asserted, 103. 

“Ray-streamers ” (aee Hhizopods). 

Reich : Discovery of Indium, 12. 

Reindeer, Migration of the, 143, 145. 

Reptile, Heart and Circulation of a, 266. 

Rhinoceros, Woolly, 322. 

Rhizocrinus, 40. 

"Hhizopods, Rock-making,” by Dr. Her- 
bert Carpenter, 218. 

Richardson : Migration of the Reindeer, 
143. 

Richter : Discovery of Indium, 12. 

Kink, Dr. : on Icebergs, 335. 

Rocks, Sulphur-bearing, at San Marino, 
Italy, 197. 

" Rock-making Rhizopods,” by Dr. Her- 
bert Carpenter, 218. 

Rock-oil (Petroleum), 121. ^ , 

Rodents of South America, Fossil and 
Recent, 210. ^ ^ 

Roe-deer, Migration of the, 143. 

Rogers, ProfTw. B. : on "Vortex Rings," 
199. 

Rose : its Mode of Seeding, 102. 

Hose of Jericho : Mode of Seeding, 98. 

Rosolio Acid, a Product of Coal-tarj 82. 


Rosy Feather-star, 37, 39. ^ 

Rotalia, a Perforate Foraminifcr, 22ft 
Russian Asia, Steppes of, 126. 
Rutherford, Lewis M. : Photograph of 
the Solar Spectrum, 248. 
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** Safety-lamp, The," by Prof. Bemsen, 

Sa^-brush Country of Ameriea, 127, 128. 
Sahara, Great Desert of, 131. 

Salmon, Migration of the, 146. 
Sandbox-tree : Mode of Seeding, 97, 96. 
Saroode, or Protoplasm (see Protoplasm). 
Saros, an Astronomical Cycle, 4. 
wussure. M. de : Sunset on the Jungfrau, 
83; Diluvian Action in Geology, 47; 
on the Oaoillations of the Barometer, 
86 . 

Scarlet Dye, a Product of Coal-tar. 81. 
Schrbter and Harding’s Observations of 
the Planet Mercury. 138. 

** Scientiflc Deceptions," by W. Ackroyd, 
354. 

Scott, Leon : his Phonautograph, 149. 
Sea-anemone, Structure of the, 188. 
Sea-beach terraces: Parallel Roads of 
Glen Roy, 185. 

Sea-gulls, Flight of, 167. 

Sea-horse : its mode of Swimming, 906. 
Sea-oak, 28. 

Sea-stars, 37. 

Sea- weed : “A Brown Sea- weed," by 
Prof. E. Perceval Wright, 24. 

Seasonal Migrations of Mammals and 
Fishes, 143. 

Seeds : “ A Seed," by Dr. Robert Brown, 
97. 

Seeds Stored by Ants as Food, 157. 

“ Igl^Tolegraph,” by H. Trueman 

Selective Absorption of Colour, 9. 
Settled-weather Sheet-cloud, 107. 

Shark, Migration of the, 146. 

Sheep, Seeds of Plants dispersed by, 96. 
Shcll-nsh, Structure of, 188. 

Shells of Radiolaria, 70. 

Shrike, Red-backed : its Flight, 163. 
Siemens, Sir W., “Heat as a Motive 
Power.’* 182. 

Silk, Aniline Dyes applied to, 83. 
Sinjpng-machines, 147. 

Singing Condenser of M. du Moncel, 151. 
Sky, Blueness of the, 31, 105. 

Sloths of South America, 204. 

Snail, Heart axid Circulation of, 267. 
Snow-blindness, 10. 

Soap, Carbolic Acid, 82. 

“ Soap, A Bar of," by Prof. F, S. BatH; 
281. 

Soap-bubbles, Colours of, 9. 

Soil and Vegetation, 131. 

Soils, 343. 

Solar Spectrum, Production of a, 247. 
Solfatara (a Dead Volcano), Naples, 193. 
Somersetshire : Fossil Crinoids in Lime- 
stone, 41. 

Sorby, Mr. ; on the Coloui’ing-matter of 
the .Shells of Birds’ Eggs, 12. 

, “ South America, The Ancient and 
Modern Animals of,” 203. 

South Wales : Fossil Crinoids in Lime- 


stone. 41. 

“ Spe^in|r Machines," by William Aok- 
Spectra of Blood, 13. 

Spectra of the Colours of Birds’ Eggs, 12. 
Spectre of the Brocken, 36. 


Spectroscopy: “How Waves of Light 
are Measured," 244. 

Spectrum, Solar (ace Solar Spectrum). 
Speech and Specchlessness, 46. 

Sponge Spicules in Globigerina Ooze, 68. 
Sparrow, Flight of the, 168. 

Springs of Mineral Oil : Petroleum, 121. 
Springs, Sulphuretted, 196. 

Squirrel, Migration of the, 142. 

Squirting Cucumber : mode of Seeding, 
97. 


Stag-beetle, Legs of the, 75. - 

“ Standing-stone," Gienballooh, Perth- 
Bhiro,lS. 

Star-iiBheaStruoture of, 188. 

Steam : “Heat as a Motive Power," 179. 

Steel: its Hardness, 96, 97; its Produc- 
tion by the Bessemer Process, id.; 
mode of Tempering Steel, 98. 

Steppes of Asia, 128. 

Stl^leback, Migration of the. 146. 

Stings of the Bee and Ant, 116, 159, 274. 

“ Stone-lilies and Feather-stars," by P. 
Herbert Carpenter, 37. 

Stork, M^ation of the, 144. 

Stone W^pons, Arrow-heads, Celts, 
Daggers, 51. 

“ Structureless Animals," by Dr. Andrew 
Wilson, 187. 

Sturgeon, Migration of the, 146. 

Sturgeon : Diagram of its mode of Swim- 
ming, 305. 

Subjective Colours, 9. 

“ Sugar, A Lump of," by David Houston, 
117. 

Sug^cane. Sugar in, 119; Growth and 
Cultivation of the Plant, ib . ; manu- 
facture of Sugar, id./ refining, 120. 

“ Si^hur, A Piece of," by F. W. Rudler. 

Sun, The : in connection with Eclipses of 
the Moon, 5 ; Eclipse of the, as seen 
from the Moon, 8. 

Sun-animalculsc, 192. 

“ Sunset, Twilight, and Halos," by Dr. 
Robert James Mann, 29. 

Sunrise, 33, 105. 

Sunset, 32, 105. 

Swords: “ The Genesis of a Sword," by 
Colonel C. Cooper King, 50. 


Tail of a Bii'd, as an Organ of Flight, 
164, 166. 

Talking-machines, 147. 

Tanrec (Centetea ecaudatua), 244. 

Tar-oU, 80. 

Telegraphic Communications of Baro- 
meter Readings. 88. 

Telegraphy : “ Seeing by Telegraph," by 
H. Trueman Wood, 2i77. 

Telephone, The, by Park Benjamin, 
Ph.I)., 170. 

Telephotograph, 279. 

Temperature : its range on the Earth’s 
Surface, 124 ; Variations of, as affect- 
ing Treeless Regions, i;i0 ; Migration 
of Mammals, 142 ; Weather-signs. 90. 

“Temperature, (Mticul,*’ in the Lique- 
faction of Gases, 21. 

Texas ; Leaf-cutting Ants, 158 ; Orbitolina 
Texana, 226. 

Tliallium, Discovery of, 12. 

Thames Valley. Section of the, 23G. 

Thermometer, The, andWeather-signs.OO. 

Thistle : its Mode of Seeding, 98. 

Thompson, J, V. : Pentacrinolds, 39. 

Thomson, Sir William : Measurement of 
Molecules, 293. 

Thomson, Sir Wyville: his Study of 
Globi{rarina Ooze, 71. 

Thrush. Flight of the, 169. 

Thudichum, Dr. : Colour of Blood, 13. 

Tides of the Sea and Air, Lunar In- 
fiuences on, 108 

Tiger, Migration of the, 144. 

Tobacco-plant, Seed of the, 100. 

Toluol, a Product of Coal-tar Distilla- 
tion, 81. 

Toxodon, an Extinct South American 
Animal, 211. 

Trade-winds, 88. 

“Treeless Regions of the Earth,” by 
Prof. J. D. Whitney, 124. 

Truffles, 217. 

Tube-w'orm, Breathing Organs of, 296. 

Tulip : its Mode of Seeding, 97. 


Twilight, 30, 81. 

Tyndall, Prof. : Blueness of the Sky, 


“Uranus, The Planet," by W. F. Den- 
ning, 227. 


Varley, Cromwell F. : his “Speaking 
Condenser," 151. 

Venus’ Flower-basket, 71. 

Vicuna, 211. 

Vine Disease (Oldlum), 197. 

Violet Dye, a Product of Coal tar, 81. 
Vitality of Seeds : Mummy IVbeot, 
103. 


Vocal Cords, 45, 147. 

Vogel, H. W. : Colour of Blood, 13. ^ 
“■^ioe.” by Prof. F. Jeffrey Bell, 43 (aee 
Speaking Machines). 

Volcanic Sources of Sulphur, 193. 
“Voltaic Battery, Warren Dc la Rues 


Great," 257. , 

“ Vortex Rings,’* by W. Ackroyd, 198. 
Vowel Sounds, Production of, 45. 


Wagtail, Flight of the, 168. 

W^lng, The Actions in, 338. 

Wallic^ Dr. : 1^ Study of Globigerina 
Ooze, 71. 

Walnut : its Mode of Seeding, 102. 

Water, Apparatus for Distilling, 60. 

Water, Effects of Heat upon (Diagram), 
180. 

Water Beetles, 76, 297. 

“Water Fleas," by ArUiur Hammond, 
348. 

Water Scorpion : its Fore-logs, 71. 

“Weather Forecasts," by W. Liscombe 
Dallas, 133. 

“ Weather-signs and Weather-changes,’ 
by Dr. Robert James Mann, 84. 

Weather: “High Clouds and Moon 
shine,” 105. 

Weather {aee Meteorology). 

Weevils, Feet of. 76. 

Wellingtonia gigantea, 102. 

Wcnlock Edge : Fossil Crinoids in Lime- 
stone, 41. 

Wheat: Mode of Seeding, Vitality of 
Seeds, Mummy Wheat, 103; Value of 
Seed Wheat, 104. 

Wheatstone, Sir Charles: on Written 
and Spoken Language, 148. 

Whirling Beetle, Legs of the, 78. 

White-Toad, 16. 

Williamson, Prof. : Limestone with Nau- 
tilus-shell, 226. 

Willis, Prof. : on Speaking Machines, 
148. 

Willow : its Mode of Seeding, 102, 103. 

Wind : the Shif tings of the Wind, Trust- 
W'orthy Weather-casts, 84 {aee Wea- 
ther-signs and Weather-changes). 

’Wolds, 66. 

Wollaston’s Cirnophorus, 22. 

Woodpecker, Flight of the, K®. 

WormiuB : Migration of Animals, 142. 


Yellow Ant {Laaiua flavua\ 1,57. 
Yellow Dye, a Product of Coal-tar, 82. 


Zeuxis : on Colour, 9, 14. 

Zoology: “The Migration of Mammals 
and Fishes," by Prof. J. Duns, 142 ; 
“Structureless Animals," by Dr. An- 
drew Wilson, 187; “The Ancient and 
Modern Animals of South America," 
203; “Hibernation of Mammals," by 
Prof. J. Duns, 240; “How a Fish 
Swims," by Dr. Hans Gadow, 302; 
“Birds' Nests,” by R. Bowdler 
Sharpe, 359; “Water Fleas," by 
Arthur Hammond, 368. 
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Ocean Sign-posts .... 
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TRa Faat*a A n d ian oa, and Dalllntu By Clara 

SavUe Clarke. 

Balln^r* and otliasa* Beln^ Certain Stories Recollected 
by Bgerton Castle* Author of ** Consequences. ** 

TRa SOM •? P od lR * «erra Loti. 

Member of the French Academy. Trenslated by T. P. 
O'Connor* M.P. 

*<Btora da Ooaabat^ ar« TRiaa Waaiw fa a Waapltal« 

Founded cm Facts. By Gertrude and Bthel Armltago Southern. 
lUustrated. 


Frith. Illustrated. 


By Gertrude and Bthel Armltage Southern. 

Inap VRa SlasraRRB^ af a« By Henry 

A Comj^tlon of Thbles and Rules for the Use 
I. By Chiles P. Cotton. M.fnet.C.B.f iC.R.I.A. 


"Mjax-Ty?s; 5 rs«^^ «•«— rwrtb. 

liaadon dhraat Araba. By Mra K. M. Stanley (Dorodiy 
Temumt). 

MCaste at XComaa By Prof. Hoffman. Fully Illustrated. 

Flara*a Foaat. A Masque of Flowers. By Welter Crane. With 
4b pages in Cblours. 

BeURaada for IiJaaal. with Coloured IttustratlaRs by Walter Craned 
eegloanap FO HRildraR*’* By Rev. Beniamin Waugh. lUustrated. 
VR^^raJaa off tRa dtattF mondarina . By p. V. Ramaswami 

Vaddr SaFford*a Sanaar. By Henry Frith. iBottrated. 

VRa SFasaaoa aff Savaatloa* By James Burnley. 

"■'FSffF If 

WRa WiatorF dorap Book. With nearly «*oeo Engravings. 

{Also in cloth gilt, giltodgtSt 78. 6d.> 

BAHila Falka« Half-Yearly Vols. Now and Snlaogod SsrUs, With 
Pictures on nearly eveiy_page. together with Two Futt*puge Plat^ 
printed in Cedoun, asut Four Tinted Plates. Cloth gilt. edges. 
(Soo alto 3s. 6d.) 

SOVrOAnOBTAA. 


of Local Autboridea. By Charles P. C^on. M.fnet.C.B.f iC.R.I.A. 

Sfat«ra*a Waadar Warlpara. By Kate R. LoveU. lUustrated. 
WRa daora t off tRa Raiaag i A Tale of Thibet 


Umamrwrn^Now saaion, ♦ , 

Fopalar Bdaoatarp CasMalVRt Complete in Six Vols. Bach. 


qiuanotiesof 


one doxan as^ upwarcM^ a td. par Aess. 


RW o tnitw a l CR M^aang p oy oj ^ al^ofBpiNA, Sfab Mmted 
oncanvas and vaepUfoed* with rollers, Sach. (S** aiso zd. oaff ea.) 

Ttp^nm <b>ga^KtlIa BWRriaap FRob ByFnt HamiiML 
dtO^ RMkd IM|. ByProf. W. H.<i«MiHriM4tF*aR.Re. > 

- By Writer w; Mar* ^ Wilt Sbitesa 


Faatolaa Masa. A Novel By Albion W. Tomrgte^ 

Aallday tadtaa off Ward a war tR . By F. A. Mriieaon* m.a. 
dtnm|g» POinpa la dtemapa Flaoag. Complete Senaaionel 

Oltvar Oram w a n I VRa Man aad Rls Btlaeioxu By 

J. AUanson PictonTM.P. With Steel Portrait Choap Ediiiotu 
Modara SRot CHnUb By W. W. Greener. lUustrated. 

XapUaR WMtara. By Prof. H. Morley. Vols. 1 . to VI II. Each. 
Fraa Vkada ravaaa Fair FOada. By Sir T. a. Farrer. Bt 
Vaaelaatlaa Vladiaatad. By John C MeVaU. M.D. 
Vaar-«oalB aff Clamwtoraap FRa <SAMI>s Edited by Kenrie 
B. Murray. Third Year of Issue. 

Madtoal aad cntttfaal IganwalSp or practitioners and Sa- 
dents of Medicine. A List post »ira on t^HcaHon, {Also eU 
7S. 6d.. 8s. 8d.. astd p.) 

■aaaOROldp Oaaaatl'o A aa R aff tRa«' C o mp lete In Four Vok 
Each. 

"fa?^ eSs***°'* 

RT«»R«.j.a 

AraRasa Fawlp FRa« By Lewis Wright With Chromo Plates. 


FRa Alaa FaFillaaoR By Q. Author of ** Noughts andCroases,** 

"B daw Fluaa dRIpOp^ and other Winter's Talet^ By Q. Author 
of ** Dead Man^s Rock.* 

PtarAaad* By sir Robat Sparil Bail LL.D. mustrated. 

dtoirF Faaou ffw Waaaaaad Old. Edited by k Daveeportt 
Faartaaa ta data t add atlMir dtorfaa. Bv Eibabeth Stuart 

FatRar dtaffSiirdR A.NbveL By Anthony Hogpe. 

VaaoRlav la FlUaa Oaatlarintg. Parsonri Nqtet on the 
Hducatlmml Syateme ofthe World. By W. C. Grasby. 
WaMAaMMrdMte By W.Ieifd Clowes. 

A Bdafs aff ffMUk By yettarine Parson Woods. 

IfleantBgff aHar Maffraai* By the Ren jqia R. Vfmon. M.A 
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•t. Vhm 14fi» uctt Work OA By tlie V«IU Archdeacon 

Farrar, D.D., F.R.S. Popular Mdition, Ctoth. (See also ya. 6d.t 
IDS. 6tl., 15s., axa,, 948., A'ftdjQa as.) 

XulF Days of Olirlstiaalty. Tko. By the Veo. Archdeacon 
Farrar. D.D., F.R.S. Popular lidilwn. Cloth. (See alee ys, 6d.» 
SOS. 6d.. ii;s.. a4s., and as.) 

Ufa Of Olirtsty TlSOa By the Yen. Archdeacon Farrar, D.D.« 
F.R.S. Popular Edition. Qoth. (See also 7s. 6d., 10s. 6d., 155. , 
94s.. and 49S.) , 

Irish liOavuoSf ThO Work of thO- Tlie Speech of the Rifirht 
Hon. Sir Henry James, ^.C. M.P,, Keplyini? in the PameU Com- 
mission Inquiry. 

kBd«aa«l-Byo Tralail&k. By C. Ricks. B.Sc. Two Vols., with 
Sixteen Pages of Coloured Hates in each Vol. Crown 4to. Each. 
Uo SdUOatOTy VhO« Edited by the Very Rev. Doan Plumptre, 
D.D. lUustmted. Complete In Four Vols. Cloth, each. (Also in 
Two Vols.t ars. er34S.) 

OoMon» lUshora, Vho PoUUool Wrttinss OIL 
Oo-opoisktloa in Irftnd TIUnv«* By M. A. 

Ostrloh Faraany In Bonth Airion. 

ip ThO« By a London Physician. 


BODOATlOlfAl.. 

Dnirlisll Dlctlonnryp Qnssoll's. Giving Definitions Of more 
than 100,000 Words and Phrases. 


moctrlotty* By Prof. W, B. Ayrton. Illustrated. 
SlOCtrldtyp VhO Abo eft From Amber Soul to Telephone. By 
Park Benjamin, Ph.D. 

Flnaro Pminting In Wntor^Ckilours. With Sixteen Coloured 
Plates. With Instructions by the Artists. 

gngHsh Utomtnrop A First Skotoh oft By Prof. Henry 
Morley. Revised and Enlarged Edxtion. 

AlBObmp amnnnl oft By Galbraith and Hauffhton. 

Bnsrlish ftitomtnro. lahmry oft By Professor Henry 
Morley. With Illustrations taken from Oriii^al MSS. Popular 
Edition. VoL I. : SHORTER F.Nr.LlSH POEMS. VoL a. : ll.li.U.S- 
TRATIONS OF ENGLISH REI.IGION. Vol. III. r ENGLISH PLAYS. 
Vol. IV. : Shorter Works in English Prose. Vol. V. : 
SKETCHES OF LONGER WORKS IN ENGLISH VERSE ANI> 
Prose. Each. (See also £s ss.) 

lICmUfATlONAft OOPVftlOKT MOVBU. 

Extra crown 8vo. cloth. Each. 

uttlo MlnlStOTt ThO. By J. M. Barrie, Author of ‘*A 
Window m Thrums." 

flybll Knoasior Homo Ajmln 1 n Story of To^Dny* 

By Edward E. Hale. Author of “ East and West,” &c. 

ThO Story of Fmnels Oluddo. By Stanley J. Weyman, 
Author ot *' The House of the Wolf," &c., &c. 

Tho Faith Doctor. By Dr. Edward Eerf leston, 

Dr« DumAny^'a Wffa. By Maurus Jdkal. Author of "Tlmar’s 
Two Worlds.** Translated from tho Hungarian by F. Steinitx. 


iimBUDB Da.ya nnd SmuyUnfir Wayai or, Tha 
Story Of m, ftoat Art. By Lieut, the Hon. Henry N. Shore, 
R.N. With numerous Plans and Drawings by the Author. 


By Thomas Stevens. 


Id ftottora of tho Ht« Hon. Sir Josoph Ha.pior, 

Uf U..D.. Ac.. Ex- Lord Chancellor of Ireland. By Alex. 

Charles fiwald, F.s. A. New and Revised Edition. 

Hobinaon Omaoo. Oa,aaoll'a Now Fino-Art Xdition 

oft With upwards of xoo Original Illustrations by Walter Paget. 
Cloth gilt, gilt edges, or in buckram. 

Throusn HuaBUk 

Illustrated. 

Seoutiny for Stanloy in Xnat Airien. By Thomas Stevens. 
Illustrated. 

Dtamoli in Ontlinoi being a Biography of the late Earl of 
Beaconshcid. and an abridgment of aU his Novels. By F. 
Carroll Brewster. LI^D. 

Pteturoaauo AnatraJaiain. Gnosoll'a. With upwards of z.ooo 
Illustrations. Complete in 4 Vols. Each. 

Tho Joomnl of BlnriO BaahkIrtaoA Translated by Mathilde 
Blind. With Two Portraits and au Autograph Letter. Popular 
Edition in One Vol. 

liOttorO €»f Mnrio Ho obklrtoog. Translated by Mary J. 

Serrano, with Portrait, Autograph Letters, Sketches, 

Omtiono nnd Aftor-IMnnor Spoochon. By the Hon. 
Channcey M. Depew. With PortraiL 

-nosbury. tho Sovonth Bnxl oft BUO.« Tho Ufo 
ouSd WOlW of. By Edwin Hodder. In One Volume, cloth. With 
8 Illustrations. (JSVr also 366.) 

Honry Htohnxd, IftF. a Biography. By Charles MiaU. 

Honnottft Dnnto Onbrloft mm Doniirnor nnd WTiior. 

Notes by William Michael Rossetti. 

Fmnoo nn It In. By Andrei Lebon and Paul Pelet. With Three 
Maps. Crown 8vo, cloth. 

Hyytono nnd FnbUc Konlth. By B. Arthur Whitelegge, M.D. 
Cumnto nnd Konlth Honortn. By Dr. Bumey Yeo. 

Honith nt 84^M>o 1. By clement Dukes, M.D., B.S. 

Tho flhonn Froblomi Text-Book with Illustrations. Containing 
400 Positions selected from tho Works of C. Planck and others. 
M odi c nl Handbook of ftifo AMomnoo. By j. £. Pollock, 
M.D., and J. Chisholm. 

Oooleoi7f Cnssoll^n Dictlmuuy of. With Coloured PUtes 
and numerous Engravings. Containing about 9,000 Recipes. Cloth. 
{,Also in roxdufgn, xos. 6d.) 

DoBnontie Dictionnry» Onnnoll'n. lUustrated. x,98o pages. 

Royal 8vo. cloth. (Also in roxburgk. xos. 6d. > 

Aubjootn of Boeinl WoUkuro. By the RL Hon. Sir Lyon Play- 
fair, M.P., K.C.B., LL.D., F.R.S. Crown 8vo. 

Work. The Illustrated Magazine of Practice and Theory for all Work- 
men, Professional and Amateur. Yearly Volume. 
flntUrdM dournnlf Onnnoll’n. Yearly Volume. Illustrated. 
Oition ox tho Woxlm illustrated throughout lAdth fine Illustrations 
and Portrait^. Complage in Four Vols. Each. 

Foopion of tho world. Tho. By Dr. Robert Brown. ZUua- 
trated. Six Vols. Each. 

Oouatrioo ^ tho World* Tho. By Robert Brown, M. A. Ph.D., 
F.L.S., F.r.G.S. . Compile In Six Vols., with 750 Illustrations. 
Each. (Library binding^ 37s. 6d.) 

OkiMioll’B DoacloO Oynopmaln. with 600 lilustratiou. A 

Cyclopaedia in One Volume. New attd Cheap Edition. 

Tho Suaday Seimp Book. Being Scripture Stories In Pictures. 
With about x,ooo Illustrations. Cloth, gilt e^es. 


Voar-Book of Sedoaoo. Tho. Edited by Professor Donney, 

F.R.S.. and containing contributions by leading scientific writers. 
VOkr«Book of Tkaatmonft Tho. A Critical Review for 
Practitioners uf Medicine. Eigutli year of publication. 

Our Own Ooumtry. Complete in Six Vols. With 90 o Original 
Illustrations in each Vol. Each. 

BayUsh Idtoimturo. Dietioamry oft By w. Davenport 

Adams. Cloth. (Also in roxburgk, xos. 6d.) 


tel its fltirrlafr Story of Advontairo, FmA 

Horoiom. By F. WUymper. Four Vols., with 400 Original 


By F. WUymper, 

Illustrations. Each. 

World of Wondors. Tho. Two Vols. 

World of Wit mad Komonrp Tho. 

tlous. 


Illustrated. Each. 

With about 400 lUustm- 


Hkturol 

Wright, M.A. 


Illustrated. Clotb. 


, By Prof. E. Perceval 

(Also kept haif bound.) 


«Qiiivor'> 


^ Tolnmoa 

several hundred Origic 


, New and Enlarged Series. With 

.,]nal Contributions. About 600 Original Illus- 
trations. Cloth. 

Fanmr'O llifo Of Christ. Cheap rtlustrated EdtHotu Large 4^ 
Cloth. (See also xos. 6 d.) Popular Edition. . (See also 68 ., xos. 6 d., 
T5S., S4S., and 495.) 

Fojnr*o Bariy Dkyo of Ohrlotmiiity. Popular Edition. 

Cloth, gilt edges. (See also 66.. zos. 6d., 15s.. 94s., and 43s.) ** 
Fkxrar’o, ftifo and Work of 8t. F»iil. Popular Edition. 

Cloth, gilt edges. (See also 6s., xos. 6d., 158., 9xs., 94s., and 495.^ 
BIblO SAettomury. OoJWoU’a. With nearly 600 Illustrations. 
Cloth. 

**8imdky’'i its Oriyin, Klotory^ wad Prosont Obli« 

R ation (Bampton Lectures. x86o). By the Ven. Archdeacon 
essey, D.C.L. Fifth Edition. 

Ohild^B ftifo Of Ohriat^ Tho. With about aoo Original Illus- 
trations. Cloth. (Also al xos. 6d.. and Demy tfo Edition, 91s.} 
Ohild’B BiblO. Cheap Edition. Illustrated. Cloth. (Also a superior 
edition at los. 6d. ) 


Bd Oooloyyi or, Tho Harmony of tho Bible 

with Scioneo. By the Rev. Samuel Kinns, Ph.D., F.R. A.S. 
With no Illustrations. (New Edition on larger and superior paper.) 


Edition. Vols. I. to V. 


School BAyUltora. (Ear description, i,ec zs. 4d. > 


Frotootantiam. Tho Kiatory of. By the Rev. T. A. Wylie, 
LLD. Three Vols. Witlx 600 Illustrations. Each. ' 

Vnitod BtatoOf Kistonr of tho <Casaoll’o>. Complete in 
Throe Vols. About 600 Illustrations. Each. (Library Edition yus.) 

Family BKayajdno" Tolumop Casaol!'’*. With about 
400 Original Illustrations. 

British Battles on ftand and 80a. Three Vois. With 
about 6ao Engravings. Each. (See also 30s.) 

BattloSp HOMnt British. illustrated. (Also in imitation 
ro.-eburgh, xos.) 

Husso-Tnrkish War. Oassoli*s History oft With about 
500 Illustrations. Two Vols. Each. (See also s^.) 

India, OassoU^S History of. By James Grant. With about 400 
Illustrations. Two Vols. Each. (Also Library Edition, Two Vols. 
in One, 155.) 

ftondCMSp Old and Mow. Complete in Six Vols. Containing 
about x,9oo Illustrations. Each. (See also £3.) 

Bdlnboryh. Cassell’s Old and How. Complete In Three 
Vols. With 600 Original Illustrations. Each. (See also 978. am/ 30s.) 

ftondon. Oroator. Complete in Two Vols. By Edward Walford. 
With fi^ut 400 Original Illustrations. Each. (See also 90s.) 

SpiancO for AJl. Rexnsed Edition. Complete in Five Vols. Each 
containing about 350 Illustrations and Diagrams. Each. 


Blodom Odyssey, Tho| orp Olyssos np to Date. By 

Wyndham h. Tufnell. A Book of Travels. Illustrated with Thirty- 
one Pictures In Collotype. 

Vo r nOB Heath’s Hooolloetions. Large Crown 8vo, cloth gilt. 
Watts FhlUips. Author and Playwright. By E. Watts Phillips, 
With 39 PUtSr 

Hiohard HodyravOp O.B.p BUA. Memoir. Compiled from his 
Diary. Witin*ortrait and Three Illustrations. By F. M. Redgrave. 
Cloth gilt. 

Oolobritlos Of tho Century. Being a Dictionary of the Men 

and Women of the Nlneteentli Century. Edited by Lloyd C. 
Sanders. Cheap Edition. Cloth. 

Dictionary of Hollyionp The. By the Rev. WUUam Benham, 
. B.D. Cheap Edition. Cloth. 

Farrar’s ftftfo of Ohiist. cheap ttlustrated Edhion. (See also 
7s. 6d.) Popular Editioti. Persian morocco. (See also 6s., 7s. 6d., 
Z5B., 948 ., and 498.) 


OOBQnostS of tho Cross. Edited by Edwin Hodder. Illustrated. 
Complete in Three Vols. Each. 

Advonturop Tho World oft Complete in Three Vols. Fully 
Illustrated. Each. 

Qnoon VIetoriap Tho ftifo and Tissos oft Complete in 
Two Vols. Illustrated. Each. 

Our Barth and its Story. ^ Dr. Robert Brown. F.L..S. 
Complete la 3 Vols. With Coloured Hates and numerous W ood En- 
gravings. Each. 

Bloetricdty In tho 8orvieo of Msn. A Popular and Practical 
Treatise. With nearly 850 lUustratieus. Cheap Edition. 

CHoanlnjrs from Fopular Authors. Complete in Two Vols. 
With C^iginal Illustrations by tlie best artists. Each. (Also in One ' 
VoL, X5B. 6d.) j 

Natural History, Cassoll’s Now. Edited by Prof, P. 
Martin Duncan, M.D., F.K.S. Complete m Six Vols. lUustrated 
tliroughouL Extra crown 4to. Each. 

Vnlvorsal History. Cassoll’s niustratod. Vol. l.. Early 
and Greek History. VoL II., Tho Roman Period. VoL HI., The 
Middle Ages. Vol. IV., Modern History. With Illustrations. Each. 
Bnylandp Cassia’s niustratod History oft With about 
3,000 lUustratioi^ Compete in Ten Vols. Each. New and Revised 
Each. (See also £S‘) 

V. T. , . 

(See also 30s.) 


JLientiatL UidMtu HilL London: Paris and Mslbonms. 
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Cassell If CompoMf^s Classified Price List. 


rwmafm Uto and IToric or m. ^ . 

3., 7S. Od., X5s>f 9IS., SMS., 4as.) 


— „ M,ViXm Populmr Edition* 

Persian raorocca iSeealsa^ .... 

Wmxvmx*m Mmxhw Days ot duntUanltF- Popular SdUion* 
Persian morocco. (Smt alto 6t., 7s. 6d., 155., a4s.. and 4as.) 

BuUdiBS Opnatruction PlatM. A series of 40, drawinK*- 
Cloth. (Or Copies of any plate may be obtained in quantities of not 
less than one dozen, price zs. 6d. per dozen.) 

ViM PolFtMbate Tsohaieal SoalM* On celluloid (in case). 
Per set. tSoe alto zs.) 

AWlUit«etliral Itamwlnffo By R. Phend Spiers, illustrated. 

X&eyelmMdie DtetlonaXTs Tll*. A New and Original Work 
of Reference to the Words in the English Language. Complete 
in Fourteen Divisional Vols. Each. (Set also ats. and 35s.) 

Knifllgh Xistory. The Diettonanr of. Cheap Edition* Cloth. 
{Also in roxburgh, 15s.) 

Arabtim Mlfrhta XatartalnmaiitOf Tli*. With illustrations 
by Gustave Dord, and other well-known Artists. Ntto Edition. 

Poultry. ThO Book of; By Lewis Wright. Popular Edition. 
With Illustrations on Wo^ (5er also azs. 6d. and £a as.) 


CNia and Its Dovolosmont. Tho. 

By W. W. Greener. With Illustrations. 


With Notes on Shooting. 


Modom Xttropo. A History of; By C. A. Fyffe. M.A. 
Late Fellow of university College, Oxford. Three Vols. Each. 

Oassell’s mniaturo ttbakospoaro. Complete in la Vols. 
In Box. {See also is. and ais. ) 


TTavolo and Advonturoa of an Orebid«Kttntor. An 

Account of Canoe and Camp Life in Colombia, while collecting 
Orchids in the Northern Andes. By Albert Millican. Fully Ulus- 
trated. 

**Oravoa In tlio Hook: ’’1 or, tho Kiatorical Aeenraey of 

too BlblO Confirmed by reference to the Assyrian and Egyptian 
Sculptures in the British Museum and elsewhere. By Rev. Dr. Samuel 
Kinns, F.R.A.S., &c. drc. With Numerous Illustrations. 

Familiar Trooo. Complete in Two Series. With Forty Coloured 
Plates. Cloth gilt, in cardboard box, or morocco, cloth sides. Each. 

Qardon Flowor% Familiar. Complete in Five Series. Forty 
Coloured Plates in each. Cloth gilt, in cardboard box, or morocco, 
cloth sides. Each. 

BTUd BlrdSp Familiar. Complete in Four Series. By W. 
Swaysland. With Forty Full-page exquisite Coloured Illustrations. 
Clotn gilt, in cardboard liox, or morocco, cloth sides. Each. ' 

BTUd Flonrara, Familiar. Complete in Five Scries. By F. E. 
Hulme, F.LS., F.S.A. With Forty Full-page Coloured Plates in 
each, and Descriptive Text. Cloth gilt, in cardboard box, or morocco, 
cloth sides. Each. 

Haavensi Tba Story of tho. By sir R. staweii BuU. ll. 1).. 
F.K.S., F.R.A.S., Royal Astronomer of Ireland; l.uuudean 
Professor of Aiitronomy and Geometry in the University 01 Cam- 
bridge. Poptelar Edinon. Illustrated by Chromo Plates and Wood 
Engravings. Also in half-morocco. Price on application. 


Tho Oablaot Portrait Oallory. First and Second Series. 
Each Containing 36 Cabinet Photographs of Eminent Men and 
Women. With Biographical Sketches. Each. 

Farrai^a UfO of Obrtatp Tbo. Popular EdUiott. Tree-calf. 
{See also 6s., 7s. 6d., los. 6d., 34s., and 43s.) 

Farrar'S Ufo aad Work of Bt. Paul. Popular Edition. 
Tree-calf. {See also 6s., 7s. 6d., xos. 6d., sis., 345., ana 43s.) 

Farrar'S Barly Bays of Obrlstlaalty. Popular Edition. 
Tree-calf. {See also 6s., 7s. 6d., lus. 6d., 24s., and 435.) 

iporo. The Hoyal. Complete in Three Vols. 

9s and Wood Engravings. Each. 


Plates and 


Rttuo-TurlcUb War, Oasaell's Klatory of tbo. 

trated. Library Binding in One Vol. (Jvv also 9s.) 


BaW f Clo p md te tMotloaary. Tho. Seven Double Divisional 
Vols., half-morocco. Each. (Su also xos. 6d. and sss.) 

Mo o 1 th, Tbo Boole of. Cloth. {Also in ros^urghy asS.) 

Family Pbyolclaa, Tho. A Modem Manual of Domestic 
Medicine. New and Revised Edition. Cloth. {AlsoinroxburghyOSi.) 

Bttlton'o Paradlso laOOt. Illustrated with Full-page Drawings 
by Gustave DoxA 

P a ut O'O InfoniO. with Full-page Illustrations by Gustave Dor6. 

lalBOOpoarm Tbo Plays of. Edited by Prof. Henry Morley. 
Complete in Thirteen Vols., in box, cloth. {Also in Haif-moroaot 
cloth sidesy 400.) 

ImJcoapoaro* OamoU'o malaturo. Complete in zeVob. 
In box with spring catch. {See also xs. and xas.) 

ioebaaleo, Tbo Praotioal Dlotlonary of; Containing 
30,000 Drawings of Machinery, Four Vols. Cloth. Each. {See also 
ajs.) 


With Steel 

i^ood Engravings. 

British Ballads. With Several Hundred Original Illustrations. 
Complete in I’wo Vols. Cloth. 


Ulus- 


Hlvors Of Oroat Britain. Popular Edition. Vol. I. The 
Royal River : The Thames from Source to Sea. Descriptive. His- 
torical, Pictorial. With Several Hundred Original Illustrations. {See 
also 43S.) . 

Buayaa's PUnim's Proyross aad Tbo Holy War. 

With 300 OriginB Illustrations. Demy 410, cloth. 

Mayaslao of Art, Tbo. Yearly VoL With xa Etchings, Plioto- 
gravures, 8cc., and Several Hundred Engraving^. Cloth ^tt, gilt 
edges. , 


Hayllsb Sanitary Institutions. By sir John Simon, K.C.B., 
F.R.S., formerly the Medical Officer of He***! ^ * 


‘Majesty's Privy Council 

Pleturosquo Burope* Popular Editijw. Complete in Five Vols. 
With Thirteen exquisite Steel Platns, ai^d numerous < ' ' ‘ 

Engravings. Each. also 3x0. 6*1, /.31, j^3x xos., at 


Natural History WaU Shoots. 

mounted. {See also as. 6d. and 355.) 


Set of Ten Plates. Un- 


WatorlOO I.Ottors. Edited by Major-General H. T. Siborne, late 
Colonel R.E. With numerous Plans of the Battlehcld. 


ty, Obaractor Skotobos ttom» Six New and 

Original Drawings by Frederick Barnard reproduced in PhotO' 
gravure. 

Piokons. Obaraotor Skotobos from. First, Second, and 
Thkd Series. By Frederick Barnard. Each containing Six Hates 
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